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NOTES ON OREGON ORTHOPTERA WITH DESCRIP- 
TIONS OF NEW SPECIES AND RACES.* 


B. B. Futon, 
North Carolina State College. 


While associated with the Oregon Agricultural Experiment 
Station, from 1919 to 1924, the writer collected and studied 
the Orthoptera of the state as opportunity permitted while 
carrying on the regular economic work. The more important 
results of these studies are brought together in this paper, 
which is not intended as a complete list of the Orthoptera of 
Oregon. The part on distribution and ecological relations is 
placed last so that reference to new species and races will not 
precede their description. 


PART I. 


DESCRIPTION OF NEW SPECIES AND RACES AND SPECIAL NOTES 
ON OTHER SPECIES. 


Blattide 


Parcoblatta americana (Scudder). 

Large and very small nymphs found in the fall; adults in 
May. This species, like most of the family, leaves its hiding 
places at night and prowls about in search of food. One adult 
was observed chewing at a hole in an apple about six feet 
above the ground. 

*Published with the approval of the Director of Research as Paper No. 39 
of the journal series. 
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Acridide. 


Acrydium granulatum Kirby. 

This is the most common grouse locust and seems to have 
practically state-wide distribution. It is found on damp 
ground whether in meadow or woods, mountain slope or marsh. 
Adults taken in June, July, August and October. 


Telmatettix hesperus Morse. 

This species has been found only on gravel and sand_ bars 
of rivers, where it is abundant. Adults were taken on the 
Willamette River at Corvallis in September, and at Eugene in 
November on the Umpqua at Roseburg in August, and by F. 
H. Lathrop on the Klamath River at Hornbrook, California 
in August. 


Paratettix toltecus (Saussure). 


This species was collected by F. H. Lathrop at the junction 
of the Klamath and Shasta Rivers near Hornbrook, Calif., a 
few miles south of the Oregon line. Hebard (8) records speci- 
mens collected at Corvallis, June 24, 1925, by E. R. Buckell. 


Napaia aspasma (R, & H.). 

Found at the border line of forest and meadow at Woodruff 
Meadows, Jackson County, and one specimen among St. 
John’s-wort on the south slope of Jackson’s Hill, Corvallis, 
about a hundred feet from the forest border. This species 
stridulates by rubbing the hind femora against the tegmina. 
The song resembles that of Chloeatis conspersa, being a series of 
faint rasps about three or four per second. The species was 
described from Syskiyou, Oregon, where it was taken around 
the border line of mountain-meadow and forest, as were the 
writer’s specimens. 


Chorthippus curtipennis oregonensis (Scudder). 

This race is very poorly defined. All of the Oregon material 
in the writer’s collection has smaller and shorter antenne in 
the male sex than eastern specimens, but this is a very uncertain 
character for the difference is not great. In western Oregon 
the tegmina of the males are much shorter than the abdomen 
and those of the females are about equal to the head and pro- 
notum. This does not hold true for specimens from Woodruff 
Meadows or eastern Oregon, in which the male tegmina reach 





1930] Fulton: Oregon Orthoptera 613 


or exceed the tip of the abdomen. A median carina on the 
fastigium of the vertex and black marks on the sides of the 
metazone of the pronotal disk, characters used by Scudder to 
define oregonensis, may be found in both races. 


Arphia saussureana Bruner. 

This species was identified by comparison with a specimen 
from Albany, Oregon, in the Hebard collection, which con- 
tains many specimens from California. It is a common species 
all over western Oregon and is readily distinguished from 
Arphia pseudonietana, which is common east of the Cascades, 
by the yellowish ventral portions of the body. In the latter 
species this part of the body is dark brown or black. 


Camnula pellucida (Scudder). 


A striking difference in general color exists between speci- 
mens from western and eastern Oregon. In the west it usually 
has a dull brown ground color on which the dark brown spots 
are not conspicuous, while in the arid regions the ground color 
is pale yellowish buff with contrasting brown spots or the 
spots may be much reduced. 

This species is primarily a grass land species and does not 
occur to any extent under true desert conditions. It may be 
found abundant in mountains, valleys or in marshes, in eastern 
Oregon, and in hilltop or valley prairies in western Oregon. 
It has the unique habit of congregating for egg laying. At 
Fox, a bunch grass valley in the Blue Mountains, they selected 
small knolls or foothills near the forest, for their egg beds. 
The soil here was of hard texture or stony. Near Silver Lake 
and Klamath Falls the egg beds were in strips of tule or patches 
of grass above the general level of the meadow where the soil 
was full of matted roots. 


Conozoa wallula (Scudder). 


Although a number of species have been described in this 
genus the writer has not been able to discover any differences 
in Oregon specimens that are not covered by the range of 
variation. Specimens from near the type locality do not appear 
distinct from specimens from other parts of the state. The 
carina of the prozone may be notched or deeply cut and the 
ventro-posterior angle of the lateral lobes varies from a rounded 
to an acute angle, but is not produced into a tooth. Color 
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varies from brownish gray to clay color, many having the meta- 
zone of contrasting yellowish color. Hind tibie vary from 
yellow to bright red. 


Trimerotropis fontana Thomas. 

This species is quite variable in most of the characters used 
by McNeill (9) in separating the species of the caeruleipes 
group. The bands of the tegmina vary from much reduced or 
indistinct bands confined to the anterior portion or bands very 
much broken into small spots to very conspicuous bands con- 
trasting strongly with the ground color. The last variation is 
more common in the Rogue River Valley. The markings of 
the under side of the hind femora vary in all localities where 
large series were collected. They may vary from one preapical 
dark spot on a pale ground, through intermediate stages to those 
having a pale apical spot on a dark ground. The infuscation of 
the apical portion of the wing and the distinctness of the band 
also show considerable variation in any one locality. 


Trimerotropis koebelei (Bruner). 

Three males and three females from Upper Klamath Marsh 
compared with the type of this species from Placer Co., Calif., 
in the U. S. National Museum, appear to be the same species. 
The specimens were taken in an open pine forest near the marsh. 
The species is characterized by the dark bands of the tegmina 
being limited to the lateral field and by a conspicuous whitish 
band across the face below the eyes extending to the middle 
of the upper part of the lateral lobes of the pronotum. Part 
of a series of what is evidently T. fontana from McKenzie 
Bridge show these same color characters less conspicuously. 
It seems entirely probable that koebelei will prove to be no 
more than one of the numerous color varieties of fontana. 


FLIGHT STRIDULATION OF THE OEDIPODIN. 


Arphia saussureana, A. pseudonietana and Dissosteira 
carolina produce a crackling flutter when they fly, the noise 
usually increasing as they suddenly descend from a horizontal 
flight. The sound may be compared to touching with a piece 
of paper a revolving wheel the spokes of which are evenly 
spaced. Trimerotropis fontana, T. pallidipennis and Conozoa 
wallula produce an undulating clatter in flight, a series of short 
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buzzing sounds not distinctly separated, at the rate of 3 to 5 
per second for the first two and somewhat faster for Conozoa. 
The sound is like touching with a paper a revolving wheel 
which has a few spokes missing on one side. Tvrimerotropis 
suffusus produces a series of distinct snaps, about 4 per second. 
To carry out the analogy we may say that this sound is like 
touching a paper to the same wheel after removing all of the 
spokes but one. Circotettix undulatus and C. shastanus make 
much louder and sharper snaps which can best be compared to 
electrics parks, and vary this with an occasional snapping buzz. 
When not disturbed they may be seen hovering in the air while 
making the slower snapping noise about 12 to 20 times then 
suddenly dart with a spiral or looping movement while making 
the rapid snapping sound. 

In a few experiments with some of the western Oregon 
Oedipodine the writer found that removal of the hind legs did 
not affect the sound. If the tegmina are removed a distinct 
fluttering sound is made but the louder clatter or snapping 
sound is absent. With only the tegmina present the grass- 
hopper can fly a little but with no sound at all. When the 
posterior edge of the tegmina is trimmed off with a scissors the 
effect is the same as complete removal. Apparently the louder 
sounds are produced by striking the wings and tegmina against 
each other during flight. 

All of these grasshoppers have a habit of jerking the hind 
femora upward while walking on the ground. This produces a 
faint rasping sound which cannot be heard unless the insect is 
quite close. 


Hesperotettix brevipennis pratensis Scudder. 

Specimens from La Grande are very similar to specimens of 
this species from Iowa but specimens from Ontario, Ore., are 
pale brown rather than greenish in color and have the median 
line of the pronotum pale with narrow black borders. The 
species of the genus are extremely variable and difficult to 
determine. 


Melanoplus lovetti? new species. (Fig. 1—A, B, C, D, E.) 
Type, male; Woodruff Meadows, Jackson County, Ore., 
Aug. 5, 1922. Types deposited in U. S. National Museum. 


*Memorial to A. L. Lovett, who was with the writer when the species was 
collected. 
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Frontal costa between antennz about as wide as interocular space, 
slightly wider below, narrowed above at junction with vertex to three 
quarters of width at antennz; broadly and shallowly sulcate below 
ocellus, slightly convex above. Scutellum of vertex widest at anterior 
margin of eyes. Vertical width of eyes one and a quarter times hori- 
zontal width. Metazone of pronotum more tectiform than prozone, 
anterior pronotal margin truncate, posterior margin very broadly 
rounded, median carina distinct throughout, lateral margins of disk 
nearly parallel on prozone, diverging slightly posteriorly on metazone. 


Fic. 1. A-E, Melanoplus lovetti. A, Lateral view of genital structures of type. 
B, Lateral view, middle femur, allotype. C, Dorsal view of same. D, Supra- 
anal plate, type. E, Cercus, type. F-H, Melanoplus borealis palaceus, type. 
F, Lateral view, genital structures. G, Cercus. H, Supra-anal plate. I-O, 
Cerci of saltator group of Melanoplus. I, M. validus calapooye, from Divide. 
J, K, M. validus, extremes of atypical series from Woodruff Meadows, L, 
M. validus validus from Medford. M, M. validus pinicola from Klamath Lake. 
N, M. debilis? from Holland. O, M. validus, atypical, from Upper Rogue 
River. 


Prosternal spine cylindrical with short conical apex. Tegmina ovate, 
twice as long as broad, narrowly separated, apices angulate but rounded. 
Front and middle femora rather short and distinctly swollen, the ventral 
margins slightly concave in outline, the dorsal margins strongly arched. 
Middle femora with a rounded dorsal carina and dorso-lateral sulcus 
on the distal half. Interspace between mesosternal lobes quadrate; 
metasternal lobes sub-attingent. Dorsal surface of abdomen decidedly 
tectiform. Extremity of abdomen clavate and elevated. Supra-anal 
plate triangular; lateral margins broadly rounded in outline, depressed 
on proximal three fifths; median sulcus broad and deep on proximal 
third, interrupted at proximal two-fifths by a low narrow transverse 
carina beyond which narrowed median sulcus fades into an elevated 
broadly convex quadrate area bounded laterally by slightly higher, 
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short, parallel carine. Furcula, a pair of rounded lobes shorter than 
the segment bearing them. Cerci about as long as supra-anal plate 
but extending beyond; sides parallel at middle third, expanded at base 
to one and two-fifths times the middle width, lower margin nearly 
straight beyond middle, upper margin converging to a rounded tip, 
distal portion slightly hollowed externally. Subgenital plate with 
lateral margins straight in lateral view, sides below lateral margins and 
median portion distinctly concave so that the terminal portion is 
conical with a rounded apical tubercle. 

Color: Top of head, pronotal disk, tegmina and dorsum of abdomen 
dull brownish (Saccardo’s umber to sepia *). Underside ivory yellow to 
cream buff. Face ivory yellow on clypeus, cream buff to chamois above. 
Cheeks with a black patch extending below eyes, lower portion cinnamon 
buff. Sides of pronotum with a large black patch between the sulci with 
narrow extension above to anterior edge, remaining portion of anterior 
border and lower and posterior borders cinnamon buff. Sides of thorax 
and abdomen largely black except for narrow line of cream buff extending 
dorso-cephalad from hind cox. Sides of subgenital plate black. 
Supra-anal plate and distal portion of cerci sepia. Fore and middle 
legs clay color above, paler below. Outer side of hind femur Naples 
vellow at extreme base, shading to clay color distally, dorsal edge clay 
color with three patches of snuff brown which extend downward as 
obscure bands on the upper part of outer face; ventro-external face 
rufous; genicular lobes nearly black except distal halves of lower which 
are cream buff. Hind tibiz pale dull yellow (deep colonial buff), spines 
black. 


Allotype, female, same data as type. 


Differs from the type in the following characters: Frontal costa 
between antenne slightly narrower than interocular space and narrow- 
ing but little at junction with vertex. Pronotum relatively broader, 
with lateral margins of disk diverging more strongly and uniformly 
from anterior to posterior border, anterior and posterior margins of 
disk with very slight median emarginations. Tegmina relatively 
broader and more widely separated. Interspace between mesosternal 
lobes a little broader than long. Narrowest part of interspace between 
metasternal lobes about equal to length. Front femora not swollen. 
Middle femora more swollen than in the type, and decidedly arcuate, 
in dorsal view clavate and slightly sinuate the proximal three-fifths 
laterally compressed, the dorsal face flattened and sulcate distally. 

Color: Generally lighter and more yellowish than type. Face, ° 
cheeks, most of lateral lobes and metazone of pronotum Naples yellow. 
Prozone and top of head clay color. Upper third of lateral lobes between 
the sulci Saccardo’s umber. Legs cinnamon buff, hind femur with two 
obscure oblique bands of clay color. Abdomen and thorax Saccardo’s 
umber dorsally, dark sepia on sides. Hind tibize pale brownish yellow 
with black spines. 


3Names of colors in italics from Ridgway, Color Standards and Color 
Nomenclature, Washington, D. C. 
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short, parallel carine. Furcula, a pair of rounded lobes shorter than 
the segment bearing them. Cerci about as long as supra-anal plate 
but extending beyond; sides parallel at middle third, expanded at base 
to one and two-fifths times the middle width, lower margin nearly 
straight beyond middle, upper margin converging to a rounded tip, 
distal portion slightly hollowed externally. Subgenital plate with 
lateral margins straight in lateral view, sides below lateral margins and 
median portion distinctly concave so that the terminal portion is 
conical with a rounded apical tubercle. 

Color: Top of head, pronotal disk, tegmina and dorsum of abdomen 
dull brownish (Saccardo’s umber to sepia *). Underside ivory yellow to 
cream buff. Face ivory yellow on clypeus, cream buff to chamois above. 
Cheeks with a black patch extending below eyes, lower portion cinnamon 
buff. Sides of pronotum with a large black patch between the sulci with 
narrow extension above to anterior edge, remaining portion of anterior 
border and lower and posterior borders cinnamon buff. Sides of thorax 
and abdomen largely black except for narrow line of cream buff extending 
dorso-cephalad from hind coxa. Sides of subgenital plate black. 
Supra-anal plate and distal portion of cerci sepia. Fore and middle 
legs clay color above, paler below. Outer side of hind femur Naples 
vellow at extreme base, shading to clay color distally, dorsal edge clay 
color with three patches of snuff brown which extend downward as 
obscure bands on the upper part of outer face; ventro-external face 
rufous; genicular lobes nearly black except distal halves of lower which 
are cream buff. Hind tibie pale dull yellow (deep colonial buff), spines 
black. 
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between antenne slightly narrower than interocular space and narrow- 
ing but little at junction with vertex. Pronotum relatively broader, 
with lateral margins of disk diverging more strongly and uniformly 
from anterior to posterior border, anterior and posterior margins of 
disk with very slight median emarginations. Tegmina relatively 
broader and more widely separated. Interspace between mesosternal 
lobes a little broader than long. Narrowest part of interspace between 
metasternal lobes about equal to length. Front femora not swollen 
Middle femora more swollen than in the type, and decidedly arcuate, 
in dorsal view clavate and slightly sinuate the proximal three-fifths 
laterally compressed, the dorsal face flattened and sulcate distally. 

Color: Generally lighter and more yellowish than type. Face, 
cheeks, most of lateral lobes and metazone of pronotum Naples yellow. 
Prozone and top of head clay color. Upper third of lateral lobes between 
the sulci Saccardo’s umber. Legs cinnamon buff, hind femur with two 
obscure oblique bands of clay color. Abdomen and thorax Saccardo’s 
umber dorsally, dark sepia on sides. Hind tibize pale brownish yellow 
with black spines. 


*Names of colors in italics from Ridgway, Color Standards and Color 
Nomenclature, Washington, D. C. 
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Paratypes, 13 males, 4 females, same data as type. 


MEASUREMENTS IN MILLIMETERS. 








Allotype....... 
Paratypes: 
ere 
Females.... 





One female paratype is lighter and more yellowish than the 
allotype, while two have about the same coloration as the type, 
including the rufous color on the ventral face of the hind 
femora. The males agree closely with the type except that 
three lack the rufous color on the ventral face of the hind 
femora and five have the borders of the lateral lobes of pro- 
notum of the same color as the disk. 

The species resembles M. immunis Scudder, from around 
Corvallis and M. rehni Hebard from Glendale and Siskiyou. 
The males can be distinguished from these species by the cerci 
which curve downward rather than upward. The females are 
readily distinguished by the peculiar middle femora. This 
species was found on the south edge of Woodruff Meadows in a 
small area which is so situated as to be shaded by the forest 
during most of the day. The ground was covered with moss 
and short grass. It was found less abundantly at the west 
edge of the meadow where the ground was damp and covered 
largely with herbs. None were found in the central portions 
or on the eastern and northern borders where the ground was 
dryer. 


Melanoplus immunis Scudder (12). 

This species is common on Mary’s Peak (type locality) and 
Jackson’s Hill near Corvallis, but to the writer’s knowledge has 
not been feund elsewhere. Probably it is confined to isolated 
hilltop prairies. In commenting on a series of specimens col- 
lected by the writer in the above localities, Morgan Hebard 
states in a letter that they prove beyond question that M. 
usitatus Scudder (12) is a synonym. The types of the latter 
were from Corvallis and probably came from one of the above 
places. 
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Melanoplus borealis palaceus,‘ new subspecies. (Fig. 1—F, G, H.) 


Type, male. Upper Klamath Marsh, Oregon, Aug. 11, 1922. 
Types deposited in U. S. National Museum. 


Frontal costa at junction with vertex as wide as interocular space; 
margins diverging slightly to ocellus, below that point subparallel, 
sulcate below ocellus. Horizontal width of eye four-fifths of vertical 
width. Pronotum truncate anteriorly, obtuse angulate posteriorly 
with broadly rounded apex. Median carina low on prozone, well 
marked on metazone. Prosternal spine in anterior view, slightly 
clavate, the apex a broadly rounded knob. Mesosternum slightly 
swollen, but uniformly so and in no sense tuberculate. Interspace 
between mesosternal lobes quadrate. Metasternal lobes attingent. 
Tegmina equal extremity of abdomen. Extremity of abdomen some- 
what elevated. Subgenital plate long and with apex considerably 
elevated, in caudal view broadly truncated, caudal face flattened and 
slightly hollowed just below the apex. Furcula a pair of elongated 
flattened lobes reaching nearly to the middle of supra-anal plate, the 
external margins subparallel with each other, the inner margins attingent 
for two-fifths of length, beyond diverging to apices. Supra-anal plate 
with sub-parallel high rounded lateral margins on basal three-fifths 
and with a pair of rather sharp but lower median carine, the latter 
parallel as far as an obscure transverse carina near middle of plate, 
beyond that point diverging strongly as far as limits of raised lateral 
margins and beyond that point more elevated and diverging only 
slightly. Apical two-fifths of supra-anal plate triangular in outline and 
nearly plane except for the carine described above and an obscure 
median groove. Cerci narrowing to apex, upper margin concave, 
lower slightly convex, apex obliquely truncated forming an acute but 
rounded angle with the upper margin; basal width about twice the 
preapical width. 

Color: Top of head and prozone dark olive, face and cheeks citrine 
drab. Lateral lobes and metazone olive brows. A black bar extends 
from eye to posterior sulcus of lateral lobe covering dorsal half of lobe. 
Tegmina sepia, with row of obscure darker spots in middle of lateral 
field. Antenna, fore and middle legs and base of hind femora clay 
color. Dorsal face of hind femora olive brown, external face olive brown 
mixed with clay color, ventral face and hind tibie and tarsi vinaceous 
rufous. Sides of thorax and base of abdomen black. Ventral side of 
abdomen nearly to apex of subgenital plate chamois, the sides with 
ground color of the same, heavily mottled with black. Sides and apex 
of subgenital plate black. 


Allotype, female; same data as type. Similar to type but 
considerably larger and stouter and with relatively more 
abbreviated tegmina, which fall short of tip of abdomen by 
6. mm. Colors similar to those of type but of slightly darker 
shades. Antenne have the same color as the hind tibiz. 


‘Pala, a shovel or spade, referring to shape of male subgenital plate. 
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Paratypes, 4 males, 7 females; same data as type. All 
males have the tegmina about equalling the tip of the abdomen. 
In the females the tegmina fall short of tip of ovipositor, from 
2 to 7 millimeters. Little variation in color. One male has 
sides of subgenital plate sepia instead of black. 


MEASUREMENTS IN MILLIMETERS 


| | 
| PRoNotUM | TEGMINA | Hinp Femur 


Bopy 


21. 


1.5 
5 


5 4.! 1 ] 

Allotype 30 j li 1 
Paratypes: 

Males | 19.-21. ‘ } 12.5-1é 11.é 

Females | 26.-30. | 5.56.5 | 13.5-16.! 13. 


-12.5 
-15. 


These grasshoppers were found near the pine woods on the 
border of a large meadow land known as Upper Klamath 
Marsh, situated on the plateau between Crater Lake and Silver 
Lake. It differs from M. borealis monticola Scudder known 
from B. C. and Colo. in the elevated apex of the subgenital 
plate which shows no resemblance to the femur-rubrum group. 
In this respect it more nearly resembles M. borealis (Fieber), 
but judging by Scudder’s figure (11) of that species it differs 
from it by having the subgenital plate more elevated than 
prolonged, the cerci less curved, and in lacking the sudden 
constriction of the elevated lateral margins of the supra-anal 
plate near its middle. In the shape of the subgenital plate it 
resembles M. bruneri Sc. and M. excelsus Sc. but differs from 
those species in the absence of a prominent tubercle on the 
mesosternum. 


THE SALTATOR GROUP OF MELANOPLUS. 


Melanoplus saltator was described by Scudder (11) from 
Portland and Oregon City. His figure does not show the usual 
form of the cerci and was either taken from an aberrant specimen 
or incorrectly drawn. Normally the apex is sub-truncate and 
with the caudo-ventral angle slightly produced into a rounded 
lobe. Later Scudder (12) described four more species in this 
group but did not so place them. They areas follows: Ascensus 
from Mt. Shasta, Calif., validus from Divide, Roseburg and 
Grants Pass with which were listed specimens from Portland, 
Corvallis, Philomath, Drain, Roseburg and Glendale; algidus 





1930] Fulton: Oregon Orthoptera 621 


from Mary’s Peak; and debilis from Ashland and Siskiyou. 
The Willamette Valley specimens which Scudder listed with 
validus must have belonged to saltator if they were correctly 
labelled, but it seems strange that he would not recognize 
them for the male supra-anal plate is distinctly different from 
that of any of the other members of the group. Hebard (7) 
described another member of the group, calapooye from speci- 
mens collected at Divide and Drain and states that Scudder’s 
specimens of validus from the former locality would belong to 
this species, and restricts validus to the more southern localities. 

The writer collected specimens of this group whenever 
opportunity permitted in an effort to delimit the range of the 
various species more accurately. Specimens from Portland, 
Forest Grove, Salem, Mary’s Peak, Alsea Mountain, Corvallis 
and from various points on the Corvallis-Eugene road up to 
the north edge of Eugene, all proved to be saltator and exhibit 
very little regional variation. The series from Mary’s Peak 
shows that Scudder’s algidus is undoubtedly a synonym. Two 
miles southeast of Eugene saltator was absent but in exactly 
the same type of habitat the writer found typical calapooye. 
This was also found at Cresswell, Cottage Grove, Divide 
(Fig. 1, I) and Drain, showing that the range extends over the 
divide from the Umpqua Valley to the upper portions of the 
Willamette. South of Drain the writer’s collections are more 
fragmentary but four males from Medford (Fig. 1, L) and one 
each from Ashland, Canyonville, and Roseburg are indis- 
tinguishable by any characters yet discovered and are assumed 
to be Scudder’s species validus. Three males from Holland 
(Fig. 1, N) in the upper part of the Illinois Valley are doubt- 
fully assigned to M. debilis* since part of Scudder’s series came 
from Siskiyou in the same range of mountains further east. 
One of the characters given by Scudder for this species is that 
most of both sexes have glaucous hind tibie. In the other 
species the hind tibiz of the females are pink, red or reddish 
brown. Unfortunately no females were collected by the writer 
at this locality. 

The three males mentioned above and the males of all 
specimens ascribed here to validus have the hind tibize bluish 
glaucous or dark bluish glaucous. The males of calapooye have 


*Since this manuscript was written one of the above specimens wvs sent to 
Hebard who identified it as the closely related M. ascensus described from 
Mt. Shasta. 
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the hind tibize a cinnamon buff with the proximal half more or 
less suffused with brown on the ventral side and bluish glaucous 
on the dorsal side between the rows of spines. “In saltator the 
male hind tibiz are generally dull bluish glaucous blended with 
cinnamon buff distally. A few have practically the same color 
of tibiz as calapooye. The females from all localities have the 
hind tibiw light or dark red but in the vicinity of Eugene a 
large number of both saltator and calapooye have this color 
strongly obscured with brown. 

A series of 19 specimens from Woodruff Meadows (Fig. 1, 
J, K) and 4 from farther up the Rogue River toward Crater 
Lake (Fig. 1, O) had coral red hind tibize in both sexes. The 
male cerci of these series. were compared to those from other 
localities by means of drawings made to the same scale by 
means of a cross lined eyepiece micrometer. As a group the 
cerci were intermediate in form between those of validus and 
calapooye. Some proved to be almost identical with those of 
specimens from Medford or Drain. The Woodruff series also 
occupied an intermediate position in regard to the structure of 
the male subgenital plate which has a somewhat higher median 
production of the free margin in calapooye than in validus. 
The writer was unable to separate the two on the characters of 
the supra-anal plate and is forced to the conclusion that cala- 
pooye is of subspecific rank. The differences other than those 
mentioned are the slightly larger size, more robust form and 
generally darker color of the latter. In general color the Wood- 
ruff series is like calapooye except in the color of the hind tibiz 
which is like the new subspecies described below from regions 
farther east. 


Melanoplus validus pinicola,’ new subspecies. (Fig. 1, M.) 


This representative of the saltator group found in the pine 
forest east of the cascade divide seems worthy of subspecific 
rank. In linear arrangement validus would come between this 
form and calapooye. 


Type, male, west side of Klamath Lake, Oregon, Aug. 7, 
1922. Types deposited in the U. S. National Museum. 


General structure similar to M. validus validus. Tegmina slightly 
longer than pronotum, attingent, twice as long as broad, apical portion 
rectangular but apex rounded. Supra-anal plate with rectangular 


5Pinicola = pine dweller. 
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basal portion and triangular apical portion of about equal length; 
basal portion one and a half times as broad as median length, with a 
median groove bounded by low ridges, lateral margins elevated; tri- 
angular portion with lateral margins not elevated and slightly convex 
in outline, median portion with broad groove bounded by low ridges 
which diverge anteriorly and with increased elevation curve outward 
and meet the lateral margins at the base of the triangular portion. 
Cerci narrowest near the middle, length nearly five times middle width, 
base twice the middle width; concave on both margins, the apex curved 
strongly inward and prolonged caudo-ventrad. Subgenital plate 
slightly elevated at apex; very similar in structure to that of M. validus 
validus. 

Color: Face and cheeks olive-buff. Ventral side of body, ground 
color of legs, and oblique bar on metapleura, cinnamon-buff. Dorsal 
portions of body a very dark brown. Lateral portions of meso- and 
metathorax and abdomen black. Shiny black postocular bar reaches 
to metazone. Fore and middle femora tinged with brown distally. 
Hind femora largely black on outer and dorsal faces, outer face with 
base and a V-shaped bar near middle cinnamon-buff, inner dorsal face 
with two bands of cinnamon-buff, ventral face deeply suffused with 
coral red. Hind tibiz coral red. , 


Allotype, female; same data as type. 


Shows no structural characters to distinguish it from the female of 
M. validus validus. Color similar to type except that face and cheeks 
are olive brown and ventral faces of hind femora are less strongly 
suffused with red. 


Paratypes, 3 males, 2 females, same data as type; 2 males, 
2 females, Upper Klamath Marsh, Aug. 11, 1922; 1 male, 
1 female, Anna Creek, on road from Crater Lake to Fort 
Klamath, Aug. 7, 1922. 


MEASUREMENTS IN MILLIMETERS. 
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Males of the paratypic series are all very similar to the type 
in color, but the females show some color phases of the same 
kind that occur in the females of other members of the saltator 
group. The two females from the type locality are similar to 
the allotype, the one from Anna Creek is entirely buff in color 
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with no dark marks, one from the upper marsh is buff with 
brown markings and the other is similar but with a decided 
reddish cast to the dorsal area. All of the paratypes have the 
coral red hind tibiz but about half of them lack any reddish 
color on the ventral face of the hind femora. 


Melanoplus mexicanus bilituratus (F. Walker). 

After studying a large number of specimens from all parts 
of the state the writer has concluded that all of the mexicanus 
(atlanis) group of Melanoplus in the collection should be placed 
in this race. The proportions of the male cerci vary from a 
little less than twice as long as middle width to nearly three 
times as long as broad as measured under a microscope with an 
eyepiece micrometer. The prevailing color of the hind tibiz 
over most of the state is red but specimens with glaucous 
tibiz occur in series from Corvallis, Hood River, Baker, Drain 
and Malin. In the Malin series there are only a few with red 
tibiz and this series also has consistently narrower male cerci. 
This series approaches closely to the devastator group, and may 
possibly represent another geographical race but certain speci- 
mens from other series approach them so closely that the degree 


of difference is very slight. This condition agrees with a note 
by Scudder (11) to the affect that examples from British Columbia 
and Washington come closer to atlanis than those from Nevada. 


Melanoplus bruneri Scudder. 

Six males from Drain and two males from Grants Pass agree 
with specimens of this species from South Dakota and Colorado 
The elevated tip of the subgenital plate is rounded, truncated or 
slightly notched. In one of the Drain specimens it is decidedly 
rounded and differs in no important respect from the specimens 
from the known range of bruneri. For this reason these speci- 
mens are placed there rather than under alaskanus. All were 
taken in rather hot and dry valley fields. 


Melanoplus devastator Scudder. 

This species which has practically state-wide distribution 
exhibits a considerable range of variation even in the same 
locality. In the majority of specimens the cerci are about 
three times as long as middle width by actual measurement. 
At Corvallis it was noted that in certain dry fields and on hill- 
tops the specimens averaged smaller than usual and that the 
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cerci were relatively more slender attaining a length of four 
times the middle width. In the shape of the cerci and sub- 
genital plate there is slight difference between extremes of this 
species and the series of M. mexicanus bilituratus from Malin. 
The shape of the furcula, supra-anal plate and swelling on the 
mesosternum help to distinguish the two species. Two speci- 
mens from Ontario, Calif. have the usual form of supra-anal 
plate and mesosternum but with cerci only slightly more slender 
than the Malin specimens mentioned above and with a furcula 
very much like that of bilituratus. 


Oedaleonotus enigma (Scudder). 

Three males and one female from Hermiston and two 
females from La Grande. All have the tegmina slightly 
longer than pronotum. In a series from Wieser, Idaho, four 
males and one female have tegmina as above, two males and 
two females have longer tegmina up to one and a half times the 
pronotum. Of three females from Ontario one has tegmina 
as long as pronotum, another has tegmina and wings about 
twice as long as pronotum, and the third has these organs 
exceeding the hind femora. 


Oedaleonotus borckii borckii (Stal). 

One male and three females from Grants Pass agree with 
this species in large size and relatively larger females and form 
of the mesosternal interspace, but contrary to Scudder’s key, 
(11, 12) all have the dark color of the pronotal lateral lobes 
extending over the metazone, but in two females the dark band 
is reduced and confined to the upper margin on the metazone. 


Oedaleonotus borckii pacificus (Scudder). 

Twelve males and three females from Woodruff Meadows, 
agree with this race in the size and equality of sexes and in 
form of mesosternal interspace but in all the dark band of the 
lateral lobes is confined to the prozone. According to Scudder 
(11, 12) this color character applies to borckii. 


Oedaleonotus borckii orientis Hebard (7). 

Two males and four females from Merrill found in sage 
brush desert at edge of marsh bordering lower Klamath Lake. 
This record extends the known range of the species several 
hundred miles, the nearest previous record being northeastern 
Nevada. 
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Tettigoniide. 


Phaneroptera furcata furcata, (Brunner). 

The stridulation of this species may be of three kinds. 
The note most frequently heard is a single sharp ‘‘zip’’ made 
at infrequent intervals by simply separating tegmina and bring- 
ing them together again. Another note frequently heard is 
like the single note rapidly repeated three or four times as if 
the tegmina were vibrated, while bringing them together. 
The third form of stridulation has never been observed by the 
writer outside of Oregon. It consists of a ticking noise like 
that produced by picking the tip of one thumb nail with the 
other. The sound is usually repeated several times in series 
but the frequency varies from two or three seconds apart to a 
rate too rapid to count. In late afternoon in patches of oak 
scrub the males perch on the uppermost leaves and appear to 
be sending Morse code messages to each other. This is probably 
the most common sound made but is less often heard because 
it does not carry far. The sound is made by rotating the tegmina 
on their axes so as to raise the dorsal areas and suddenly 
bring them together again. Since the sound can be produced if 
the distal portions of the tegmina are removed it seems probable 
that it is caused by striking the stridulatory veins together. 
The female occasionally produces a somewhat fainter sound in 
the same manner. 

The writer has watched the process of egg laying in the 
margins of leaves and his observations agree with those of 
Riley (10) except that the insect grasped both the edge of the 
leaf and the ovipositor with the mandibles instead of merely 
holding the ovipositor. In this manner the ovipositor was 
held against the thin chewed edge of the leaf while the sawing 
process of sliding one set of blades on the other split of the leaf. 

In mating the male places the posterior end of the body in 
front of the female and elevates the wings without spreading 
them. The abdomen is bent downward and the female licks 
at the dorsal surface working toward the base of the wings. 
The male moves backward and extends the tip of the abdomen. 
The transfer of the spermatophore was not observed. At one 
time two males were observed with one female. The female 
moved away after licking the back of one male and the second 
male took her place and licked at the back of the first male for 
several minutes. The latter apparently became suddenly aware 
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of the substitution and kicked the other male with one hind 
leg and moved away giving vent to several ‘‘zips’’ that seemed 
to be an expression of irritation. The writer could find no 
trace of any glandular secretion or of any gland openings on 
the male but the mating process is very similar to that of the 
tree crickets in which an alluring gland is known to be present. 





Fic. 2. Steiroxys strepens. A, Allotype. B, C, Subgenital plates of paratypes 
showing extreme conditions in form of terminal notch (B) from Corvallis, 
(C) from Woodruff Meadows. D, Cercus of Woodruff Meadows paratype. 
E, same, of type. F, Dorsal view, tip of abdomen, type. G, Pronotum and 
tegmina, type. H, Pronotum, allotype. I, Subgenital plate, allotype. 


Steiroxys strepens® new species. (Fig. 2). 


Type, male, from top of Jackson’s Hill 6 miles North of 
Corvallis, Ore., July 9, 1922. Types deposited in U.S. National 
Museum. 


Vertex well rounded in profile joining the occiput with scarcely any 
change in curvature. Eyes nearly circular in outline. Pronotum with 
well marked median and lateral carine. Lateral carine converge 
slightly to the first sixth, diverge to the posterior two-fifths, remaining 
portions parallel. Disk of pronotum nearly flat, truncate anteriorly, 
slightly rounded posteriorly; anterior margin three-fourths as broad as 
posterior margin. Lateral lobes one and three-fourths times as long as 
deep; posterior margin distinctly sinuate. Tegmina project a little 
less than half the length of pronotum; outer margins sharply inflected 
beneath a stout curved vein so as to be invisible from above. Front 
tibie armed above with three spines on outer border and below with 
six spines on both borders. Middle tibiae with four rows of spines but 
only two in upper anterior row. Hind femora unarmed. Distal 
three-fourths of hind tibiz with a few short spines on both margins 
below and with numerous close set short spines on both margins above; 


Sstrepens = noisy. 
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with short and long subequal pairs of apical spurs below and a short 
pair above. Abdomen without a trace of raised median carina. Tenth 
abdominal segment notched posteriorly; dorsal median portion for 
full length of segment of sunken soft integument covered with fine 
hairs. Supra-anal plate appears as a triangular projection deeply 
hollowed above. Subgenital plate with sub-parallel lateral carinze 
extending to bases of finger-shaped styles; a V-shaped notch between 
the styles. Cerci gently curved throughout on outer border; terminal 
portion finger-shaped, nearly straight and with rounded apex. A 
curved spine projects perpendicularly inward just beyond the middle 
of the cercus and terminates in a sharp claw. 

Color: Grass green when alive. Dry specimen a light yellowish 
brown with greenish cast on legs. 


Allotype, female, same data as type. 


Disk of pronotum narrower than in the male and less expanded 
posteriorly. Tegmina small ovate pads projecting from under the 
posterior portion of the lateral lobes. Subgenital plate with posterior 
border about half the anterior border; sides nearly straight; posterior 
border with a shallow rounded median notch and a pair of smaller 
lateral excavations. Ovipositor slender, strongly curved at base but 
with distal half nearly straight. 


Paratypes, 5 males, 7 females, same data as type, and 11 
males from Woodruff Meadows, Jackson County, Ore., about 


thirty miles southwest of Crater Lake, altitude 2800 feet. 
In the shape of the pronotum, tegmina and last dorsal segment 
of abdomen the series holds fairly constant. There is some 
variation in the proportions of the male cerci and subgenital 
plate in the series from both localities. The male cerci of the 
Woodruff Meadows series have on the average a stouter and 
shorter apical portion and a longer and more slender inner spine. 
The notch of the male subgenital plate varies from a slightly 
obtuse to a slightly acute angle in the southern specimens and 
from an acute angle to a deep acuminate V-shaped notch in 
the Corvallis series. The styles of the subgenital plate are 
also more slender in the latter series. 

In color all agree with type except one of the Woodruff 
Meadows series which appears to have been light brown when 
alive. The hind femora of this specimen have numerous dark 
brown transverse streaks near the base; the lateral lobes of the 
pronotum are dark brown with buffy ventral and posterior 
borders; the vertex is outlined on sides and anteriorly with a 
blackish U-shaped mark. 

The species differs from others of the genus in the shape of 
the male cerci. From specimens at hand of what appears to 
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be S. pallidipalpus they differ in the absence of any trace of 
abdominal median carina, broader pronotal disk, more slender ovi- 
positor, larger size and in the shape of the hind tibiz, which are 
narrower in longitudinal diameter. From the lateral view the 
hind tibize are not much broader than from the posterior 
view, while in S. pallidipalpus the lateral width is fully twice 
the posterior width. 


MEASUREMENTS IN MILLIMETERS. 


PRONOTUM | HIND FeEMuR} HIND TIBIA | OvIPOSITOR 
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The presence of these insects was revealed by their song 
which is a series of very short rasping chirps. It starts with a 
few notes per second but quickly increases the speed to a rapid 
flutter which is kept up for a long period. On Jackson’s Hill 
north of Corvallis it was common on the northwest side of the 
summit and in a small patch of prairie in a pass between that 
hill and the next one to the north. It was usually found 
where somewhat taller prairie plants and patches of brake fern 
occurred. At Woodruff Meadows it was common in clumps of 
grass or herbs over most of the meadow except the wet central 
portion. 

On Jackson’s Hill the species was found in the first and 
second instars on April 26, 1923, and in the last and next to 
last nymphal instars on May 25, 1924. In the first instar the 
ground color is very pale brownish gray, with the sides of thorax 
and abdomen entirely black except the posterior borders of the 
lateral lobes which are ivory. An ivory line borders the black 
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above on the abdomen and the median line is bounded by 
narrow black lines from vertex to tip of abdomen. In the 
second instar the black lines are partly faded and the black of 
the sides reduced to the extreme upper portion, while the 
remainder of the sides is pale green. In both first and second 
instars the vertex protrudes forward as a rounded knob. 


Neduba carinata Walker. 
An account of the habits, life history and remarkable range 
of color variation of this species has been published elsewhere. (6) 


Cyphoderris piperi Caudell. 

This species was originally described as a subspecies of 
monstrosa by Caudell (1). When a series of males collected by 
the writer near Woodruff Meadows were compared with males 
of C. monstrosa collected in British Columbia by E. R. Buckell it 
was found that the genitalia were strikingly different. Drawings 
of the genital armatures were compared with the types of monstrosa 
and pipert by Nathan Banks and A. N. Caudell respectively 
and both agreed that they represented distinct species; the 
British Columbia specimens corresponding with the type of 
monstrosa and the writer’s specimens with pzpert. The writer first 
encountered this insect in the forest near Woodruff Meadows. 
While setting up camp by a small river at dusk my attention was 
attracted by a song that sounded like a small cricket in a clump 
of small bushes a few feet away. It was a high pitched metallic 
trill one to three seconds in duration and repeated at a rate of 
about fifteen times per minute. When the apparent source of 
the sound was reached the singer still seemed to be several feet 
away and it soon became evident that the song produced an 
auditory illusion of nearness that was very deceptive. After 
stalking the sound back into the woods about a hundred yards 
I discovered the insect sitting on a branch of a small fir a few feet 
above ground. At close range the sound was loud, penetrating 
and shrill and with a rapid pulsation or beat. Mr. A. N. 
Caudell told the writer that he experienced the same auditory 
illusion when he collected the type on Mt. Ranier. The first 
few specimens caught were grabbed at quickly so as to give no 
opportunity for escape but later the writer decided to test the 
insect’s agility. When the antenne were touched it moved 
backward along the branch and when the body was touched it 
simply dropped to the ground and remained motionless. When 





1930] Fulton: Oregon Orthoptera 631 


touched again it turned over on its back as if dead. With 
further stimulation it would try to crawl away or remain 
motionless. They would stop singing at the slightest jar of 
the ground but were not disturbed by a flash light. Most of 
them were on low branches but one was found on the ground 
and another about ten feet above ground. The latter was not 
disturbed at first and several hours later was found in the same 
place and induced to drop to the ground by touching it with a 
stick. At Crater Lake they were usually beyond reach in the 
trees, the exact height difficult to estimate. In the evening 
one was observed there to have twenty notes per minute. 
They sing from dusk until the temperature drops too low for 
activity. 


Tropidischia xanthostoma (Scudder). 
Notes on this species have been published (5). 


Ceuthophilus agassizii (Scudder). 

On Oct. 8, 1923, several adult specimens were found in some 
old rat or gopher holes under a board near the college barns at 
Corvallis. They were kept in a cage for several weeks and 
fed on pieces of.meat and apple. The mating process observed 
differs so much from other Tettigoniide that it seems worthy 
of mention. The male would walk backwards toward the 
female and on touching her would twist the abdomen so as to 
bring the ventral side of the tip in contact with the base of the 
ovipositor. They would remain for a minute or two with 
heads in opposite directions. Many attempts seem to be 
necessary before mating actually takes place. The process 
was observed several times and no spermatophore was formed. 
These specimens and one collected by L. P. Rockwood at Forest 
Grove were identified by T. H. Hubbell. 


Gryllide. 
Oecanthus. 

This genus is represented in Oregon by three species, cali- 
fornicus, nigricornis, argentinus and niveus. The last is repre- 
sented by two physiological races an account of which has been 
published (2). A general account of the species with detailed 
description of califonicus (3), and a special study of the nzgri- 
cornis group (4), have also been published. 





Annals Entomological Society of America [|Vol. XXIII, 


Wawa\me’. 


z 
Fi 
E | 


12: 
EAooucras Fin [XYESLOW FINE = EEE)SPRUCE-FIR [SJ] YELLOW PINE [SS] JUNIPER 


ES MARSH [nJBUNCH GRASS [J] SAGE BRUSH [@] LAKES 


Fic. 3. Map showing natural vegetation areas of Oregon. (Copied from Shantz 
and Zon, 13.) Localities mentioned are listed alphabetically with numbers 
appearing on the map. Letters refer to horizontal grouping between the 
parallels of latitude; each group is numbered from west to east. Cities and 
villages are indicated by circles, other localities by crosses. 


Glendale.... ee a. ery 
Grants Pass......... i 
Halfway... 2 Pasco, Wash........ 
Heppner...... Paulina Mtns........ 
Hermiston 3 Philomath..... 
Holland ead DR Soc oka sd ices sialell 
Hood River 5 ie Portland 
Hornbrook, Calif.... Ronan, Wash. 
Jordan Valley....... Roseburg....... 
Klamath Falls er ice 0 aie 
Klamath Lake Silver Lake......... 
La Grande Siskiyou 
McKenzie Bridge.... Upper Klamath 
| SEA PD. 6 é-b oan d ovens 
Mary’s Peak........ Upper Rogue River.. 
Medford.... Walla Walla, Wash. 
Merrill / a Wieser, Idaho 

Mt. Hood.. wey Woodruff Meadows... 


Alesa Mountain 
Anna Creek. 
Ashland. 
Baker.. 

Bend.. 
Burns...... 
Canyonville 
Cottage Grove 
Crater Lake 
Creswell..... 
Divide.. 
Drain... 
Dufer.... 
Eugene... 
Forest Grove....... 
Fort Klamath 
Fossil ieee 


— 


Ow 

_ 

Now 
CORR OD NNR WON ORAOCWE 


— 
—" 


_ 


VOWO>>U WOOP 


—_ 


--E lel-1--Etelelelelolelel-1--le 


OwWroo 


_ 
SAW AON WO Ph ROOD 





1930] Fulton: Oregon Orthoptera 633 


‘ PART II. 


DISTRIBUTION AND ECOLOGICAL RELATIONS. 


The state of Oregon is divided into two uneven portions by 
the high Cascade Range which reaches a maximum elevation 
of over eleven thousand feet at Mt. Hood. The western third 
has a broad central depression in which are three main river 
valleys, Willamette, Umpqua, and Rogue. These are separated 
by low mountain divides and the Rogue is separated from 
California by the much higher Siskiyou range. Between the 
valleys and the coast is the much dissected Coast Range. 
The eastern two thirds of the state is largely an arid plateau. 
The Blue Mountains cover a considerable portion of the north- 
east quarter of the state, and reach an elevation of over nine 
thousand feet in the Wallowa Range. 

The natural vegetation areas of the state and localities 
mentioned are shown in the map (Fig. 3). On account of the 
diversity of habitats a discussion of the Crthopteran fauna can 
be facilitated by dividing it into three parts, namely, Western 
Oregon, the Alpine Cascade regions and Eastern Oregon. 


WESTERN OREGON, 


This area is shown on the map as the Douglas fir area. The 
western portion of the Coast Range and the west slope of the 
Cascades are entirely forested. In the central valleys where 
the annual precipitation is lower there were originally extensive 
prairies covering most of the large valley plains. A large part 
of this area is now under cultivation but the Orthopteran 
fauna has probably not changed much. The small streams are 
mostly bordered by deciduous forest containing Oregon ash 
(Fraxinus oregana), the broad leafed maple (Acer macrophyllum) 
and Garry oak (Quercus garryana) and other deciduous trees 
and shrubs. 

The valley prairie may merge with the hill prairie extending 
over the south facing slopes to the summits of hills bordering 
the valley. More frequently the two are separated by an 
irregular strip of woods composed largely of Garry oak. This 
extends upward along the gullies and often forms a border also 
between hill prairie of the south slope and the fir forest on all 
other slopes. Part of this oak area is kept in a scrubby con- 
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dition by recurrent prairie fires. In the valley prairie and lower 
portions of the hill prairie are numerous thickets of wild rose, 
and poison oak. ’ 

In the virgin condition the heavy Douglas fir forests are 
inhabited by only one species of Orthoptera, the cave cricket, 
Tropidischia xanthostoma (Scudder) which has been found 
abundant under log bridges crossing the mountain streams. 
It probably also occurs in any natural dark cavities along the 
streams. Neduba carinata Walker also occurs in the fir forest 
along roads, in burns or wherever the forest is more open. It 
is more strictly a border species. 

In the prairies Orthoptera are abundant. Since there is 
some difference between the fauna of the northern and southern 
parts of western Oregon the Willamette valley will be considered 
first. The following more strictly prairie species are uni- 
versally present at the proper seasons: Chorthippus curtipennis 
oregonensis (Scudder), Camnula pellucida (Scudder), Arphia 
saussureana Bruner, Melanoplus devastator Scudder, M. femur- 
rubrum (De Geer), M. mexicanus bilituratus (F. Walker) and 
Oecanthus nigricornis argentinus Sauss. Conocephalus fasciatus 
vicinus (Morse) and Acrydium granulatum Wm. Kirby are found 
in more moist portions of the area. Parcoblatta americana 
(Scudder) and Pristoceuthophilus pacificus (Thomas) are found 
under boards, logs, stones and in gopher holes. The former 
is very common among rocks at the hilltops and has not been 
found in the valley plain. Conocephalus occidentalis (Morse) 
is found at the edge of prairies bordering the river in the valley 
plain. Dissosteira carolina (Linn), Trimerotropis fontana 
Thomas and Gryllus assimilis (Fab.) are more versatile and 
may be found either in prairie or in open woodland. Melano- 
plus saltator Scudder is found along the borders of woods, in 
open woodland, or among clumps of shrubs. Tvrimerotropis 
suffusus Scudder is found in hilltop prairies but on the slopes it 
remains fairly close to the woods. It is not found in the valley 
plain except at certain points in woods immediately bordering 
the river. 

Another group is made up of those species associated with 
the deciduous woods or thickets. These include Neduba 
carinata living on the ground mostly where covered with 
deciduous dead leaves but also among more open fir forest or 
borders; Oecanthus niveus (De Geer), physiological race A, 
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mostly in ash and oak trees; O. niveus, race B, in thickets of 
rose, scrub oak and wild brambles; O. californicus Saussure in 
thickets containing a small species of rose used as a depository 
for the eggs; Phaneroptera furcata furcata (Brunner) mostly on 
small oaks. 

On the gravel bars along the Willamette River two species 
that are more typical of the eastern desert regions are found, 
namely Trimerotropis pallidipennis pallidipennis (Burm.) and 
Conozoa wallula (Scudder). These strong flyers spread over 
into nearby fields but are not found far from the river. Where 
small plants are growing on the gravel the grouse locust Tel- 
matettix hesperus Morse is found. 

A few other species of this general region are of rare 
occurrence or irregular in distribution. Melanoplus immunis 
Scudder is found abundant in a meadow at the summit of 
Mary’s Peak, at an altitude of about 4,000 feet, and on some of 
the lower hills. It is more common near the forest borders. 
Podisma polita Scudder is abundant on the same mountain but 
only on a steep slope of jumbled rocks overgrown with thimble 
berry in a small opening in the forest near the summit. A 
few specimens have also been found on other near-by mountains 
and hills near Corvallis. The occurrence of Napata aspasma, 
Stetroxys strepens and Ceuthophilus agassizii near Corvallis has 
been previously mentioned. Pristoceuthophilus celatus (Scud- 
der) is apparently rare about Corvallis. Mymecophila ore- 
gonensis Bruner was found in ants nests in a valley of the 
coast range west of Corvallis. 

Most of the common species mentioned above range west- 
ward through the coast range. The prairies disappear but there 
are old burned areas, pastures and roadways where the prairie 
and border species find suitable conditions. Near the ocean 
the number of species and individuals is reduced. In a sand 
dune area near Newport only three species were found, Melano- 
plus mexicanus bilituratus in grassy places between dunes and 
Dissosteira carolina and Trimerotropis suffusus near wooded 
dunes. 

The somewhat hotter and dryer regions of the Umpqua and 
Rogue River valleys of southwestern Oregon are inhabited by a 
larger number of species. All of the Northern species mentioned 
have been found in this region or have been recorded in literature 
from southern Oregon or Califonia except Ceuthophilus agassizii 
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and the two species mentioned below which are replaced in 
southern Oregon by closely related species. Melanoplus saltator 
is replaced south of Eugene by M. validus calapooye and this 
in turn is replaced further south by typical validus. M.immunis 
is apparently replaced by M. rehni, both hilltop species whose 
exact range is not known. These species occupy the same 
ecological niche as the species they replace, and species common 
to both regions show the same choice of habitat. 

Species common in the southern valleys but not represented 
in the Willamette are Dissosteira spurcata Saussure and D. 
venusta (Stal), both strong flying prairie and woodland border 
species. 

Other species of more local distribution that have been 
found are: Oedaleonotus borckii borckii (Stal), open field, 
Grants Pass; Melanoplus bruneri Scudder, fields, Drain, Grants 
Pass; Arphia ramona Rehn, wooded mountain ridges and rock 
outcrops near Ashland. 

In the Rogue River Valley Melanoplus devastator, M. 
femur-rubrum and Camnula pellucida occurred in destructive 
numbers in 1922. 

The writer did not have opportunity to collect in yellow 


pine-sugar pine area shown on the map (Fig. 3) lying west of 
the Cascade Divide in southern Oregon. 


ALPINE AREAS. 


On the heavily forested west slopes of the Cascade Range 
Orthoptera are most common in clearings, burns and along 
roads. Such places present about the same fauna as the coast 
range. In the higher valleys are many small natural prairies 
where Orthoptera are very abundant. These are probably 
developed from ponds or bogs. Their isolation and diverse 
conditions as to moisture and temperature tend to give them a 
more or less individual fauna. Few of these areas have been 
investigated and they offer an unusual opportunity for anyone 
interested in ecology or taxonomy. 

On August 5, 1922 the writer visited a small prairie called 
Woodruff Meadows about thirty miles southwest of Crater 
Lake, at an altitude said to be about 2800 feet. While this 
can hardly be considered Alpine conditions it is similar to such 
areas found more commonly at higher altitudes. There was a 
striking zonation of the vegetation. The center contained some 
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surface water and was covered with a high sedge and large 
lupines. Surrounding this was a wide zone of damp ground 
with shorter swamp grasses, and another zone of dryer ground 
bordering the forest and covered mostly by herbs. In the 
central area the only abundant species was Melanoplus bivit- 
tatus (Say). In the middle zone Chorthippus curtipennis 
oregonensis was most abundant but this zone also contained 
many of the first species. At the eastern end of this zone was 
a crescent shaped dryer area of short grasses where Camnula 
pellucida, Oedaleonotus borckit pacificus (Scudder) and Steiroxys 
strepens were abundant. The latter was also found in grass 
clumps over most of the meadow except the central portion. 
The commonest species in the herb border was the red-legged 
Melanoplus validus, showing characters of intergradation be- 
tween the three races previously discussed. On the south side 
of the meadow a shaded lobe with damp mossy ground and 
short grass, contained Acrydium granulatum, Melanoplus lovetti 
and Stetroxys strepens. The forest borders were dryer, with 
short grass or partly bare ground and there the common species 
were Trimerotropis fontana and Cratypedes neglectus (Thomas). 
Napaia aspasma (R. and H.) occurred along the southeast 
border. 

Neduba carinata is common in more open parts of the 
Cascade forest slopes but apparently it does not extend to the 
higher alitudes of the divide. Cyphoderris pipert was found 
in the forest near Woodruff Meadows and at the timber line 
at Crater Lake. The writer heard an insect which was probably 
this species singing in trees at the timber line on Mount Hood. 
It was described from Mt. Rainer much farther north. 

The isolated alpine meadows of the higher parts of the 
Cascade divide contain some species which are not found at 
lower altitude. These regions also offer a rich field for further 
investigation. In the meadows at Crater Lake the writer 
found Bradynotes deplanata Hebard and Camnula pellucida 
abundant in an area of short grass. Trimerotropis suffusus 
occurred on ridges in the same general area and Cvircotettix 
shastanus Bruner on and near rocky cliffs. The writer also 
has specimens of Melanoplus alpinus Scudder and M. montanus 
(Thomas) and has seen specimens of Bruneria shastana (Scud- 
der), all collected by L. P. Rockwood in the Crater Lake 
meadows. A pair of the last species was collected by the 
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writer at the summit of Paulina Mountain, an isolated volcanic 
crater south of Bend. ‘The lower portions of the meadow of 
Crater Lake where plants were waist high contained few 
Orthoptera. Alpine species of the Mt. Hood region include 
Melanoplus oreophilus Hebard, Pristoceuthophilus cercalis Caudell 
and Prixocnemis oregonensis Caudell. A specimen of the last 
species was collected by W. J. Chamberlin from a slab pile in 
Josephine County, at the western end of the Siskiyou Mountains. 
The writer has two specimens of Acrydium acadicum brunneri 
(Bolivar) collected by J. C. Bridwell at Cash Creek on the 
Santiam road and one collected by W. J. Chamberlin labelled 
Santiam National Forest. 


EASTERN OREGON. 


The territory east of the Cascade Divide includes the 
following natural vegetation areas: (1) The yellow pine 
forests of the eastern slope of the Cascades and adjacent plateau 
and of the Blue Mountains in the northeast, (2) the juniper 
woodland between the two yellow pine areas and in smaller 
areas to the south, (3) areas originally in bunch grass including 
the valleys and lower mountain slopes in the Northeastern 
quarter, (4) sage brush desert including most of the south- 
eastern quarter and a part of the Columbia Valley, (5) isolated 
marsh or tule areas the largest of which is around Klamath 
Lake. 

The Orthoptera of eastern Oregon have been collected by 
the writer only on occasional trips for other purposes and con- 
sequently the species discussed represent only a part of the rich 
Orthopteran fauna of this region. 

The yellow pine forests contain many species common along 
forest borders in western Oregon. They are most common in 
the open spots but on account of the more open nature of the 
pine forest are more generally distributed here than in the fir 
forest. The common species are Trimeroptopis suffusus, T. 
fontana and Cratypedes neglectus, the last more common at 
higher altitudes. Neduba carinata and Melanoplus validus 
pinicola occur in the Cascade area but have not been found 
in the Blue Mountains. Camnula pellucida, Conozoa wallula 
and Dissosteira carolina are found in the small prairies that 
occur in the pine forest. A specimen of Dissosteira venusta 
from Klamath Lake is probably from such a situation also. 
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The second, third, and fourth natural vegetation areas can 
be discussed together for they all represent desert or semi- 
desert conditions, and all contain a large proportion of various 
kinds of sage brush. A list of the identified species in the 
writer’s collection with localities follows: 


Parabacillus coloradus (Scudder). Boardman. 

Acrydium granulatum Kirby. LaGrande. On a mountain slope 
where seepage modified the moisture conditions. 

Pseudopomala brachyptera (Scudder). Hermiston. 

Amphitornus coloradus (Thomas). La Grande, Hermiston. 

Alpha occipitalis occipitalis (Thomas). Ontario. 

Alpha occipitalis cinerea (Bruner). Bend. 

Orphulella speciosa (Scudder)*. Ontario, small marsh. 

Chorthippus curtipennis (Harris). Jordan Valley. (George Orr) 
Probably from meadows. 

Agneotettix deorum (Scudder). Hermiston, La Grande, Ontario. 

Psoloessa delicatula (Scudder). Burns. (B. G. Thompson). 

Aulocara elliotti (Thomas). Merrill, Burns, La Grande, Ontario, 
Jordan Valley. 

Arphia pseudonietana (Thomas). Baker, Freewater (near Walla 
Walla, Wash.), La Grande. 

Camnula pellucida (Scudder). Merrill, Silver Lake, Hermiston, 
Walla Walla, Wash., La Grande, Halfway. Found where grass grows 
abundantly. 

Xanthippus corallipes buckelli Hebard. Steins Mtns. and Plush 
(W. J. Chamberlin), La Grande, Fox. Prefers hills. 

Dissosteira carolina (Linnaeus). Hermiston, statewide. 

Spharagemon aequale (Say). Fossil (L. P. Rockwood), Boise, 
Idaho (A. L. Lovett). 

Trachyrhachis kiowa kiowa (Thomas). Ontario. 

Metator pardalinus (Saussure). Ronan Mt. Wash. (W.C. Handlin) 

Conozoa wallula (Scudder). Hermiston, Ontario, Baker, Merrill. 

Trimerotropis fantana Thomas. Hermiston, La Grande, Baker, 
Burns. Near or among trees. 

T. pallidipennis pallidipennis (Burmeister). Hermiston, La Grande, 
Baker, Ontario, Merrill. 

T. latifasciata Scudder. Ontario. 

T. caeruleipennis Bruner. Tule Lake (near Malin, M. M. Reeher) 
Pasco, Wash. (A. L. Lovett). 

T. cyaneipennis Bruner. Hermiston. Found on a small sage 
covered hill. 

T. suffusus Scudder. Burns, Dufer, La Grande, Ontario. Found 
most common in or near woodlands. 

Circotettix undulatus (Thomas). Hood River, Bend, Merrill, 
Hermiston, Baker. Found on open hilltops or rock outcrops. 

Schistocerca venusta Scudder.’ Hermiston. Taken in a garden; 
probably a river border species. 


7Assignment questionable due to need of revisionary work in genus. 
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Hes perotettix brevipennis pratensis Scudder. La Grande, Ontario. 
Melanoplus bivittatus (Say). Ontario, Halfway, Baker. From 
irrigation ditches; not a desert species. 


M. femur-rubrum femur-rubrum (De Geer). Hermiston, Ontario, 
Malin. 


M. mexicanus bilituratus (Walker). Hermiston, Baker, La Grande, 
Malin, Ontario. 


M. packardi packardi Scudder. Hermiston, La Grande, Ontario. 


M. cinereus cinereus Scudder. Dufer, Hermiston, Baker, Wieser, 
Idaho. 


Bradynotes deplanata Hebard. Merrill. Among sage brush near 
marsh. 


Phoetaliotes nebrascensis (Thomas). La Grande. From mountain 
slope under more moist conditions. 

Oedaleonotus enigma (Scudder). Hermiston, La Grande, Baker, 
Wieser, Idaho. 

O. borckii orientis Hebard. Merrill. 

Phaneroptera furcata furcata (Brunner). Dufer, female nymph 
(F. H. Lathrop). From an irrigated area. 

Anabrus simplex Haldeman. Klamath Falls, (H. F. Wilson). 

A pote notabilis Scudder. Heppner (N. Currin). 

Gryllus assimilis (Fabricius). Ontario. 

Oecanthus nigricornis argentinus Saussure. La Grande. Most 
common in weedy places or praries, but also on rabbit brush. 

Oecanthus californicus Saussure. La Grande. In thickets of wild 
rose in mountain gully. 


In the marsh areas of eastern Oregon several species of 
grasshoppers are extremely abundant. Camnula pellucida fre- 
quently occurs in such numbers as to destroy large areas of 
vegetation. This is the earliest of the common species to 
mature. On Aug. 9, 1922 the writer found Conozoa wallula 
and Dissosteira carolina more abundant than Camnula in the 
drained Tule Lake region south of Klamath Falls. Melanoplus 
mexicanus bilituratus was also found there in destructive 
numbers. Some of these species may have migrated in from 
surrounding deserts. In the Upper Klamath Marsh on Aug. 11, 
and 12, Camnula was found in destructive numbers but was 
disappearing rapidly. Other species found there were Acrydium 
granulatum, Chorthippus curtipennis, Melanoplus mexicanus 
bilituratus and M. borealis palaceus. 
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A FOSSIL ARACHNID FROM THE LOWER CARBONIFER- 
OUS SHALES (POCONO FORMATION) OF VIRGINIA. 


H. E. EWING, 
United States Department of Agriculture. 


A few years ago Dr. David White, for many years chief 
geologist of the United States Geological Survey, found what 
appears to be the oldest fossil land arthropod yet taken in 
North America. It is an interesting specimen not alone be- 
cause of its antiquity, but because of the important taxonomic 
relations of the extinct order to which it belongs. This group, 
the Anthracomarti, together with that other very rare group 
of both living and extinct forms, the Ricinulei, bridge over the 
otherwise very wide gap between the spiders and the mites 
and help us construct what is believed to be a more rational 
system of classification for the Arachnida. The Anthracomarti 
are related to the Ricinulei in having the tergites of the abdo- 
men divided by two longitudinal grooves and to the extinct 
Phalangiotarbi in having the first pair of legs pediform. 

The living Ricinulei are represented by a few living species 
found only along the west coast of equatorial Africa and in 
certain regions of the American tropics. Although a very 
ancient group, with many generalized characters, the Ricinulei 
are peculiar in having the pedipalps fused at their bases. 
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The order Anthracomarti, to which Dr. White’s Lower 
Carboniferous specimen belongs, may be diagnosed as follows: 
Capitulum and thorax fused. Abdomen segmented; abdominal 
tergites divided laterally by one or two longitudinal sutures on 
each side; ‘‘operculum’’ present and representing, probably, 


the eleventh segment. Chelicerze not yet observed. Pedipalps 
leglike. Legs with movable coxe. 


This order is represented by a considerable number of 
specimens from the Carboniferous formations of both the Old 
and New Worlds. 


Trigonomartus whitei, new species 


Exposed parts of specimen include most of the cephalo- 
thorax and all of the abdomen except a small anterior portion 
of each lateral border. No part of any one of the legs is exposed. 


Cephalothorax roughly triangular, but the lateral margins are some- 
what outcurved. Surface very coarsely sculptured. Near the apex 
there is a rather deep impression of the ventral part of the hood. 

Abdomen about as broad as long and broadly rounded behind. 
Longitudinal grooves, dividing tergites, very distinct; each is situated 
about half the distance from the lateral margin to the median line, 
and each is curved in a similar manner to that of the lateral margin 
except near the posterior end. After the grooves cross the line between 
the last and next to last tergite each curves strongly outward to meet 
the lateral margins of abdomen at a slight distance from the vertex. 
In addition to these two longitudinal grooves there is a pair of longi- 
tudinal ridges on the central area of abdomen. Each originates near 
the abdominal base in a prominent boss, or tubercle, and passes back- 
ward in a straight line, parallel to the median line, to as far as the 
front margin of last tergite. 

Tergites eight in number and all except the first with lateral sections. 
Tergite I with a recurved anterior margin and an almost straight 
posterior margin, and not extending across the abdomen. Middle 
sections of tergites II and III subequal and with margins about straight. 
Middle sections of tergites IV-VII with margins recurved. In width 
they decrease from IV to VII. Middle section of tergite VIII (the 
last tergite) about as broad as long, lateral margins strongly incurved, 
posterior border pointed at median line. The integument of the middle 
area of abdomen is coarsely sculptured. 

Lateral sections of tergites (pleural plates of some authors) large, 
the lines between them being procurved except for the last. All except 
the last are quadrangular; these are subtriangular. 

Length of cephalothorax, 3.00 mm.; width, 3.25 mm. Length of 
abdomen, 6.25 mm.; width, 5.50 mm. Total length, 9.25 mm. 
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Type locality Allegheny, Virginia. 

Type.—In collections of United States Geological Survey. 

Described from a specimen taken by Dr. David White, of 
the United States Geological Survey, from the Pocono formation 
of Virginia. Dr. White gives the following data in regard to 
the specimen: ‘‘It was collected by me from the shales adjacent 





Fic. 1. Trigonomartus whitei, new species, X 10. Drawn as exposed in shale. 


to a thin coal outcrop in the lower part of the Pocono along 
the road over the ridge and not far from the farmer’s house 
near the west end of the so-called Lewis tunnel, which is the 
first tunnel on the C. & O. Railway east of Allegheny, Va. 
The specimen was collected May 17, 1924, and is accompanied 
by a land flora of the type associated with the formation of 
coal, and therefore is to be regarded as a lowland or swamp 
flora.”’ 








A CONTRIBUTION TO THE KNOWLEDGE OF THE 
BIONOMICS OF BREMUS AMERICANORUM 
(FABR.). (HYMENOPTERA). 


THEODORE H. FRISON, 


Illinois State Natural History Survey, Urbana, Illinois. 


A. INTRODUCTION, 


This paper is the third of a series of papers dealing with 
the biology of species of bumblebees found in Illinois. In the 
first paper (1928), the salient features of the bionomics of 
Bremus bimaculatus (Cresson) were recorded in a more or less 
detailed manner and much information presented regarding 
methods and technique. The second paper (1929) deals with 
the biology of Bremus impatiens (Cresson). For details regard- 
ing how much of the data used in this paper were secured, the 
reader should consult my two previous papers of this series, 
particularly the first one of 1928. 


B. SYSTEMATIC POSITION. 


Bremus americanorum (Fabr.) is one of four North American 
species of bumblebees belonging to the subgenus Fervidobombus 
Skorikov (1922) of the family Bremide. Four species— 
americanorum, fervidus, californicus and sonorus—have been 
placed in this subgenus because of numerous morphological 
characters common to all of them. Together with the sub- 
genus Subterraneobombus Vogt (1911) they form a section of the 
bumblebees called Odontobombus Kruger (1917). My un- 
published studies of the biology of B. fervidus and the writings 
of others show that this species of bumblebee has habits very 
similar to those of B. americanorum as now recorded. From 
this fact and the common possession of certain structural 
characters it is predictable that the most essential fundamentals 
of the biology of B. sonorus of the southwestern states and B. 
californicus of the western states will conform with that of B. 
americanorum. 
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C. Speciric LirE History STuDIEs. 


During the course of my studies of bumblebees, dating 
from 1910, I have had under observation a large number of 
colonies of this species and obtained much information con- 
cerning the behavior of the adult bees and various phenomena 
relating to their life history. In fact, | have examined and 
studied so many colonies of B. americanorum that it would be 
both tedious and poor economy of print and time to discuss 
each of them in detail. Instead, I have chosen to present for 
record a short account of but four of them; two of these being 
colonies which were studied in much detail in order to secure 
comparative data relating to the development of the immature 
stages. 


1; EXPERIMENT 16, 1917. 


This colony was started in an artificial domicile which I buried in 
the ground in the University Woods near Urbana, Illinois, on April 17, 
purposely for attracting the queens (Frison, 1926a). The first intima- 
tion I had that the domicile was occupied was on June 11, when a 
hasty examination revealed that the dried grass in the nest had been 
somewhat rearranged and packed down. About a week later I slightly 
jarred the domicile to discover if it was occupied and the excited buzzing 
of a queen which followed gave ample evidence of my good fortune. 
When the domicile was next examined, on July 11, the queen was not 
in the nest. At this time the larve were rapidly developing in their 
cells and the groove in which the queen rested when brooding on the 
incipient comb—similar to that I have illustrated for B. impatiens 
(Frison, 1927a)—was very noticeable. It was expected, but none the 
less interesting, too, to find a small honey-pot near the entrance of 
the nest and about one-half an inch removed from the brood; a character- 
istic feature of the recently started nests of all species of bumblebees 
as yet discovered and probably a distinguishing biological peculiarity 
of this genus of bees. 

On July 27, I removed the domicile from its original position and 
placed the nest in an observation box where I could better study the 
development of the immature stages. At this time the comb had greatly 
increased in size and the nest contained the mother queen and four 
workers. It is probable that three other workers were absent from the 
nest when it was removed because there were seven empty cocoons in 
the comb. In addition to the cocoons from which the adult workers 
had emerged, the comb of July 27 consisted of three cocoons from which 
the adults had not emerged, three groups of larve in various stages of 
development, and two egg cells. One of the egg cells contained three 
eggs and the second held five eggs. 
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During the next few weeks the growth of the comb was rapid and 
every few days additional egg cells were constructed and eggs laid in 
them by the mother queen. These egg cells were made on the tops, 
between, or on the sides of the cocoons. As the season progressed there 
was a noticeable tendency on the part of the queen to lay a larger 
number of eggs in a single cell; one egg cell containing on August 17 as 
many as thirteen eggs in marked contrast to the two to five eggs laid 
in a cell when the comb was small. The eggs were always laid con- 
tiguous to one another and in a more or less horizontal plane. One of 
the striking features of the nest of this species was the occurrence of 
wax-pollen cup-shaped structures on the sides of groups of small larval 
cells which were made just about the time the larve emerged from the 
eggs. On August 29, two of these wax-pollen cups were found attached 
to the side of one small group of larval cells in the bottom of each there 
was a small amount of fresh pollen. As the larve became larger 
each of them occupied a definite position beneath the wax-pollen 
envelop covering them and the wax-pollen cups were much enlarged. 
When the larve spun their cocoons these enlarged cups, or rather 
pollen pots as they now might be called, were necessarily separated 
from the larve and one might easily overlook the fact that they first 
originated on the side of groups of small larval cells. As the comb 
developed in size these large wax-pollen pots were used for the storage 
of pollen. 

The first adult to emerge after the nest was placed in an observation 
box was a small worker or sterile female, on July 27, and additional 
workers henceforth appeared from time to time. An important point 
in connection with a discussion of the production of queens is the 
fact that a marked increase in the size of the workers was noticeable as 
the season advanced. Three very large workers emerged as late as 
September 17. My notes show that a total of thirty-one workers, 
nine queens, and seven males were produced by this colony while it 
was under my observation. The first males emerged from their cocoons 
(Figure 5) on September 19 and the first queens (Figure 5) on September 
23. The old mother queen lived until October 9, thus rounding out a 
life span of at least a year. In keeping with life in general she became 
very feeble during the last few days of her existence; in sharp contrast 
to the energetic and tireless individual: of a few months before. 

Six days after I began a detailed study of this colony, the bees were 
allowed to forage for pollen and nectar. The workers soon took 
advantage of their freedom but the old mother queen never left the 
nest. It should be mentioned that the workers in this nest were exceed- 
ingly vicious and-that it was necessary to remove them each time the 
comb was examined to avoid being stung. As soon as the workers 
were returned to their nest some of them would immediately proceed 
to cover the comb over again as best they could with the materials 
which were available in the nest-box. Mention has already been made 
of the storage of pollen in special wax-pollen pots. The surplus honey, 
however, was stored in empty renovated cocoons which were usually 
partially capped with a lid of wax-pollen composition. 
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2. EXPERIMENT 22, 1919. 


A few notes are presented regarding the history of this colony 
because the nest was found so early in the season that it illustrates the 
manner in which the comb is started by the queen under natural con- 
ditions. I accidentally happened upon the nest in the Brownfield 
Woods, near Urbana, Illinois, on June 20. As far as could be determined 
at the time, the comb was not started in an old mouse nest, but simply 








1 





FiGurE 1. Portion of the comb of Bremus americanorum, showing: a, small 
wax-pollen pocket on the side of a cell containing small larvae; b, similar 
pocket which has greatly increased in size and is equivalent to one of the 
pollen pots. 


in a small bundle of leaves which had settled in a slight depression on 
the ground among bits of decayed wood. The queen was the only 
bee found in the nest and the size of the comb and lack of empty cocoons 
was sufficient proof that no workers had been produced. In fact, I 
found the comb almost at its very inception; something which rarely 
falls to the lot of a student of the habits of bumblebees. 

In the nest there was found the characteristic wax-pollen honey-pot, 
ten millimeters in height and twelve millimeters at its greatest width. 
Scarcely ten millimeters from this storage pot was a wax-pollen lump, 
thirteen millimeters in length, five millimeters in width, and six milli- 
meters in height. On this lump of wax and pollen composition (prin- 
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cipally of pollen) there were several cells containing eggs. For fear of 
causing the queen to desert her eggs, these cells were not closely 
examined to ascertain the number of eggs in each. As a result I have 
no record of the number of eggs they contained. Certainly, however, 
judging by the size of the egg cells the number of eggs in each cell was 
small. 

After examining the nest it was brought to the laboratory and 
placed in a small observation box with the queen. Much to my delight 
this transference of so young a nest was performed without causing the 
queen to desert her eggs. On June 26, young larve were found in the 
incipient comb. Several cocoons were found in the nest on July 5 
and the first worker emerged on the ninth of July. This colony was 
under observation for some time after this latter date but since it was 
not subsequently studied in detail and provided no unusual data its 
further history is not presented. 


3. EXPERIMENT 28, 1919. 


On June 29, I removed to the laboratory for observation a nest of 
B. americanorum which was situated in a mouse nest a few inches below 
the surface of the ground. Six days previous to this date, a queen was 
observed to enter this nest but the nest was not examined at that time. 
On the day it was removed the nest contained the mother queen, two 
workers, five cocoons containing pupz, two brood clusters, two groups 
of egg cells containing a total of nine eggs, and three empty cocoons. 
The presence of three renovated cocoons, one containing pollen and 
two honey, was rather indicative that one worker was foraging when 
the nest was removed. No wax-pollen honey-pot separate from the 
comb was found in the nest when it was opened, but undoubtedly the 
growth of the comb had led to its destruction or its incorporation with 
the rest of the comb. 

Soon after the nest was placed in an observation box, the workers 
proceeded to put the nest in order by removing from the comb all 
particles of soil which had fallen onto it when the nest was removed 
and covered the nest with grass. On this same date a record was 
started of the development of the immature stages. During the next 
few days several small workers emerged and these soon busied themselves 
in helping with the work. As an example of economy it was interesting 
to observe that the wax and pollen were removed from two cocoons 
soon after they were spun and transferred to a place where they were 
more needed. Three days after the colony was placed in an observation 
box another egg cell was constructed and five eggs laid in it. Mention 
should be made of the fact that the mother queen and workers greatly 
resented being disturbed and that this queen was one of the most aggres- 
sive bumblebee queens I have ever had under observation. 

During the first two weeks in July several things happened which 
are worthy of record. Soon after the appearance of small larve, cup- 
shaped, wax-pollen structures were built on the sides of the cells con- 
taining them. The purpose of these cup-shaped structures was not 
discovered until a later date. On one occasion when examining an 
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egg cell in order to determine whether or not the eggs had hatched I 
accidently mutilated the cell walls more than was necessary. A worker 
which chanced upon this cell, immediately seized and ate one egg which 
was particularly exposed. One day two dead larve and one pupa 
were dragged from the nest by the workers. In order to remove the 
pupa it was necessary for the workers to open the cocoon. It seems 
evident from this that the workers are capable of distinguishing between 
healthy, diseased, or dead larvee and pupxz. On July 7, I observed that 
sometimes grains of pollen are incorporated into the wax-pollen covering 


kK 











FiGurE 2. Comb of Bremus americanorum, showing: a, cocoons; 6, cocoons 
used for the storage of honey; c, wax-pollen pockets on the sides of cells con- 
taining small larvae; d, egg cell; e, cells containing larvae. July 20. 


of the brood clusters directly from the pubescence of the bee. On 
this date a worker returning from foraging in the field was observed to 
enter the nest box (the colony was released on July 5). The pubescence 
of this worker was completely dusted with pollen grains, but the cor- 
bicula were almost bare. With scarcely any hesitation this worker 
immediately took a position on a group of small larval cells and while 
standing there thoroughly scraped the grains of pollen from her body 
onto the wax-pollen covering surrounding them. These grains of 
pollen were then incorporated into the wax-pollen covering by other 
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workers. Twice during the early part of July I saw adult flies of 
Brachycoma sarcophagina (Townsend) in the nest and removed them. 

The last half of July the comb increased in size at a rapid rate and a 
photograph taken of this nest on July 20 is shown in figure 2. The 
mother queen at this time, though apparently as active as ever, plainly 
showed the effects of her ceaseless industry by the loss of much of the 
pubescence on the dorsal parts of her thorax and abdomen. She still 
continued to produce a considerable amount of wax, which could 
plainly be seen where it had exuded from her abdomen. More eggs 
were laid now than ever before and from nine to fourteen eggs were 
deposited in a single cell. This was a marked increase over the number 
of eggs which were laid in the cells during the early history of the 
colony. The eggs continued to be contiguous to one another in a more 
or less horizontal plane. When the eggs first hatched all of the resulting 
larve necessarily occupied the same cell. As the larve increased in 
size each of them occupied its own particular position under the wax- 
pollen brood covering and the number of larve in the group could be 
readily determined by counting the number of distinct swellings or 
raised portions. Before the larve attained full size a further separation 
of the larve occurred; due to the fact that the larve then necessarily 
spun a considerable amount of silk which held intact the walls of the 
cells covering them. Upon several occasions I accidentally dislodged 
healthy larve from their cells and they were always carried out of the 
nest by the worker bees. 

The construction of wax-pollen cup-shaped cells on the sides of 
young brood clusters still continued during the latter part of July. It 
became evident, also, that as the larve grew these cells were often 
enlarged and eventually were used as receptacles for the storage of 
pollen. Pollen was scarcely ever found in them, however, when they 
were small. Workers continued to emerge during the last of July and 
it was quite noticeable that most of them were much larger than those 
produced during the early part of the season. Recently emerged 
workers appeared frightened whenever the nest was examined and 
oftentimes tried to hide between and among the cells of the comb. 
A couple of days after emerging, however, when the normal color of 
their pubescence was completely attained, no difference was noticeable 
between them and older workers; all having a vicious and aggressive 
disposition in common. On very hot days some of the workers fre- 
quently took a position near the entrance of the nest and fanned the 
air with rapidly vibrating wings. The origin of this ventilating of the 
nest, the basis of Goedart’s (1685) celebrated fable of a trumpeter 
bumblebee, offers considerable food for speculative thought. Bridges 
of a stiff wax-pollen composition were constructed in several places in 
the nest to connect the comb with the side walls of the nest. These 
structures served admirably as anchoring supports for the comb. 

The first of August two experiments were tried the results of which 
well illustrate the temperament of the bees of this species. First a 
worker of B. auricomus (Robt.) was placed in this nest. Eight workers 
of americanorum immediately attacked the alien species and within 
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three minutes it was dead as a result of being stung by the bees. Inter- 
ested to see the results of a reversal of this experiment, a worker of 
americanorum was placed in a nest of auricomus. The introduced 
worker was not attacked and ran about over the comb with impunity. 
On August 9, the first young queens of the season partially cut the 
tops from their cocoons and emerged. Although the history of this 
colony was not followed closely during the remainder of the season 
some observations were made which merit record. The old queen was 
found dead in a corner of the nest-box on September 11. On Septem- 








FiGURE 3. Comb of Bremus americanorum, showing: a, cocoons; 6, wax-pollen 
pot on the side of a cocoon; c, cocoons used for the storage of honey; d, wax- 
pollen pocket on the side of cell containing small larvae; e, egg cell. 
August 15. 

ber 24, several egg cells containing eggs were found on cocoons. These 

were undoubtedly of worker origin. At nine o’clock in the evening 

on September 24 I brought the colony into the house where it was 
warm. The next morning a worker returned to the place from which 

I had removed the nest, indicating that the worker had remained 

out-of-doors during the night. There still remained alive in the nest 

on October 3 twenty-three workers, and eight queens and four males 
which had emerged since the nest was brought into the house. Under 





652 Annals Entomological Society of America |Vol. XXIII, 


the influence of warm conditions two workers lived until the end of 
October, and a couple of males emerged as late as October 10. 


4, EXPERIMENT 29, 1919. 

On September 13, I removed to the laboratory a colony of Bremus 
americanorum which was situated in one side of a clay enbankment 
near White Heath, Illinois. The nest itself was about ten inches from 
the surface of the ground and reached by a tunnel. The opening to 
the tunnel was slightly below the level of the nest and accordingly 
surface water could not flow down into the nest by way of the tunnel. 
Judging from the interior of the nest it must have been made originally 
by a mouse and then selected by a searching bumblebee queen. The 
fact that the comb was slightly over one foot in diameter when found 
is indicative that the original cavity was enlarged by the bumblebees 
as the comb grew in size. Additional proof of this supposition lies 
in the fact that some small pellets of clay were found near the entrance 
to the tunnel and many more had rolled down the side of the bank. 
This observation supports a statement made by Wagner (1907) which 
two recent students of the biology of bumblebees (Sladen, 1912, and 
Plath, 1924) have failed to verify. 

At the time the nest was removed an average of one worker per 
minute was returning to the nest with provisions of pollen and nectar. 
The nest contained ninety-eight workers of various sizes, seventy-one 
young queens, twenty-five males, four eggs, ten larval cells, eighteen 
wax-pollen cells containing pollen, and one hundred and thirty-four 
cocoons filled or partially filled with honey, besides two hundred and 
fifty-six cocoons containing larve and pupe. The old queen was not 
discovered. The comb of this nest was so large that I had to divide 
it into two parts and place each half with an equal proportion of bumble- 
bees in separate observation boxes. A brief description of this colony 
has been given here because of its enormous size and because of several 
interesting experiments which centered around it. 

Three days after placing the comb and bees in observation boxes 
I allowed the bees the privilege of foraging for themselves. Advantage 
was taken of the situation thus created and a study made of the 
orientation flight of bees leaving the nest for the first time; or at least 
the first time in this location (20 miles from former nest site). The 
results of these observations will be presented elsewhere. During the 
latter part of September a male and queen were observed in coitu in 
one of the nest boxes. Evidently in this species mating sometimes 
occurs inside of the riest. Proof that the queens of this species some- 
times return to the nest after leaving it was provided by an observation 
of September 23 when I saw a young queen return to the nest from the 
field. Although but few workers emerged during the latter part of 
September, numerous queens and males emerged in abundance and 
continued to do so until Cctober 8. On this latter date there still re- 
mained alive in one-half of the nest twenty-eight queens and four 
males. When the nest was last examined on November 11, the few 
bees which had remained in the nest were dead. 
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D. BIOLOGICAL SUMMARY. 


1. RESUME OF LITERATURE. 


The first reference in literature concerning the habits of this species 
is by Cresson (1863). This author recorded the capture of a nest of 
B. pennsylvanicus (=americanorum) on September 11 and says “It 
contained six females, thirty-four workers, and twenty-one specimens 
of Apathus elatus Fabr. (=americanorum), all males. No males of B. 
pennsylvanicus were found in the nest.’’ The discovery of this nest 
was important as it threw some light on the status of B. nidulans 
Fabr. Among the males of the so-called A. elatus, ‘‘some had the anus 
entirely black, some black tipped with fulvous or yellow, some entirely 
yellow and others entirely fulvous.’’ The specimens with the apical 
abdominal segments fulvous are undoubtedly, as Cresson thought, the 
B. nidulans of Fabricius. Cresson erred, however, in considering these 
males to belong to A pathus (= Psithyrus), for they were the true males 
of what he called B. pennsylvanicus. A short time later Putnam 
(1864) recorded finding on June 6 a queen of this species with her first 
larve and eggs. 

The next biological information given in literature was published 
about thirty years after Cresson’s paper when Robertson (1890) recorded 
the finding of a nest of B. americanorum on August 20. This nest 
contained one queen, one hundred and twenty-one workers, and two 
males. Two other nests of this species were examined by Robertson 
on September 9. One of these contained ten queens, forty-six workers 
and ten males, while the second nest contained nine queens, fifty-one 
workers and one male. On this same date Robertson saw a male, 
similar to those taken in the nests, copulating with a queen of ameri- 
canorum. Robertson was convinced by his discoveries that the males 
he found in these nests (A pathus elatus) were the true males of B. 
americanorum. Further, he recognized the fact that two distinct 
species were confused under the same name. One of these he referred 
to B. americanorum and the second to B. pennsylvanicus. The last- 
mentioned species was later described by Robertson (1903) as B. 
auricomus. 

Contemporaneous with Robertson’s first paper there appeared an 
article by Coville (1890) who also advanced the idea that the males 
found by Cresson in the nest of B. pennsylvanicus (= americanorum) 
were the males of this bumblebee and not A pathus (Psithyrus). In 
spite of the accumulated evidence, Ashmead said in discussing Coville’s 
article that he ‘‘would hardly be willing to accept these conclusions as 
final until the insects had been reared from the egg.’’ The fact that I 
have reared these males from Bremus eggs, completes the chain of 
evidence, if additional facts are needed. With the knowledge that we 
now possess concerning the structure of Psithryus and Bremus such 
complete evidence as demanded by Ashmead is no longer required to 
satisfy ourselves as to the generic relationships of the bees found in the 
same nest. Such data are greatly needed, however, to substantiate 
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our ideas regarding the proper association of males and females of 
several species of Pratobombus occurring in the Western States. It 
should be mentioned at this point also that A pathus elatus was erron- 
eously used by older writers as the name for the males of several species 
of Bremus. 

The next note on the habits of this bee was published by Banks 
(1902), who recorded that he found a specimen of this species sleeping 
on the under side of a wild carrot flower. He stated that the mandibles 
were not used in maintaining this position as oftentimes happens with 
certain other Hymenoptera. Four years later Fairchild and Barrett 
(1906) published a joint note on the copulation of Bombus fervidus. 
According to Franklin (1913), the species involved was B. americanorum 
which, based on a study of the figures, is also my opinion. Fairchild 
and Barrett give the best description of the mating habits of bumblebees 
to be found in our literature. Their observations were made at 
Arlington, Virginia, about October 13. 

During the last twenty years our knowledge concerning the biology 
of this species of bumblebee has received marked impetus—due to the 
contributions of Franklin, Howard, Jackson, Frison, Rau and Plath. 
Franklin (1913) states that the nests of this species which he found were 
“usually built in deserted mouse nests on the surface of the ground,”’ 
but that sometimes their nests are subterranean. The largest nest this 
author found contained one queen, fifty-three workers, twenty-three 
males, and seventy-eight cells, eighteen of which were queen cells. 
He also recorded finding a large ‘“‘roll of pollen’’ which weighed 3.59 
grams. The substance of the note by Howard (1918) is the recording 
of a nest of this species which was found in a bulky sparrow nest “twenty 
or more feet from the ground.’’ Data concerning the time of appearance 
of the various castes in the vicinity of Washington, D. C., has been 
contributed by Jackson (1920). The first of the two papers by Rau 
(1922) records the finding of one nest of this species at Eureka, Mo., 
on July 12, which was in an old paint bucket hanging above the floor. 
Previous to its occupation by the bumblebees it had been occupied by 
wrens. A second nest was discovered by this same author in a ‘‘sack 
filled with straw, lying on the floor of an abandoned club-house.”” The 
second paper by Rau (1924) gives data regarding the homing instincts 
of this species and other information concerning their habits of interest. 
His experiments conclusively show, in agreement with my unpublished 
data, that bumblebees are not guided by any unknown sense in returning 
to their nests. 

The papers by Plath present much information of a varied and most 
interesting character, although none of them deal alone with this species. 
In his first paper dealing with our subject, Plath (1923a) records his 
failure to induce queens of this species to start colonies in confinement; 
an experience which agrees with the results of the writer’s experiments 
to date. In a second paper (1924) there is a brief mention of the 
incompatibility of americanorum with its closest relative even under 
exceptional conditions. In subsequent papers this same author has 
recorded the location and contents of a nest found near Boston (1927a); 
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the fact that americanorum is a ‘‘pocket-maker”’ and other information 
concerning the feeding of the larve and nest economy (1927b); and 
data regarding seasonal adjustments (1927c). 


2. ANTHOPHILOUS HABITs. 


The number of records of the flower visits of this bumblebee are very 
large and prove this American bumblebee to be polytropic as is the case 
with all others thus far studied in detail. These records have been 














FiGurE 4. Comb of Bremus americanorum from a side view showing the growth- 
form of the comb and: a, wax-pollen pots; b, cocoons of queens. August 15. 


summarized by Lutz and Cockerell (1920) with the exception of the 
following: 

Robertson (1891-1896): Triosteum perfoliatum, Cephalanthus occi- 
dentalis, Lobelia leptostachys, Lobelia syphilitica, Lobelia cardinalis, 
Campanula americana, Verbena bastata, Verbena urticaefolia, Martynia 
proboscidea, Trifolium pratense, Baptisia leucophaea, Isopyrum biter- 
natum, Gaura biennis, Oenothera biennis, Oenothera fruticosa, Ludwigia 
alternifolia, Hydrangea arborescens, Sida spinosa, Abutilon avicenne, 
Hibiscus lasipcarpus, Oxalis violacea, Spiranthea gracilis, Orchis 
spectabilis, Astragalus mexicanus, Cercis canadensis, Amphicarpaea 
pitcheri, Cassia chamaecrista, Cassia marilandica, Desmodium pani- 
culatum, Desmodium dillenii, Desmodium caspidatum, Desmodium 
canadense, Camassia fraseri. 

Jackson (1920): Chrysopsis mariana and Cirsium lanceolatum. 
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3. DURATION OF THE DEVELOPMENTAL STADIA. 


The present deductions regarding the developmental stadia are 
derived from tables similar to those presented in the first article of this 
series (Frison, 1928). Because of the extensiveness of these tables and 
for the sake of economy they are not presented. It may be of interest 
to add, however, that the colony in Experiment 16, 1917, was examined 
fifty-three times from July 27 to September 29 in order to secure the 
data here briefly summarized and the colony in Experiment 28, 1919, 
was subject to examination fifty-four times during the interim of June 
29 to August 9. 

As in the case of all species of bumblebees thus far studied, the 
egg stage is the shortest in duration and lasts about four and one-half 
days for queens, workers or males. The larval stage is subject to con- 
siderable variation. For the workers this period varied from eight to 
eighteen days and about eleven to twelve days was the commonly 
encountered period. The known larval period of one group of larve 
which produced males was twelve days and similarly for the queens one 
group required thirteen days in the larval stage. The pupal stage 
varied between six and nine days for the workers, seven to ten days for 
the males, and ten to fourteen days for the queens. 

Correlated with the variation found in the duration of the various 
stadia there was found a variation in the duration of the complete 
developmental cycle. The workers required between twenty-one and 
thirty days to reach maturity after the eggs were laid, the queens 
twenty-nine to thirty-five days and the males about twenty-five days. 
It is significant (Frison, 1927) that large workers required more time to 
complete their development than did the smaller workers. 


4. SEASONAL APPEARANCE OF THE CASTES. 


When compared with certain other species of bumblebees the 
majority of the queens of americanorum leave their hibernacula rather 
late in spring. I have never found the queens flying in the vicinity of 
Urbana, Illinois, in the month of March. Occasionally they may be 
seen on the wing during the latter part of April, but the great majority 
of them are first seen in May. It is not uncommon, also, to find the 
queens flying during the last of June at a time when the colonies of 
B. bimaculatus are well advanced (Frison, 1928). The earliest records 
which I have of the capture of these queens in Central Illinois for a 
period of years are: May 5, 1911, Champaign, Illinois; May 4, 1914, 
Urbana, Illinois; April 23, 1915, University Woods, Urbana, Illinois; 
May 24, 1916, Urbana, Illinois; April 23, 1917, White Heath, Illinois; 
May 22, 1919, Urbana, Illinois; and May 8, 1920, Oakwood, Illinois. 

According to the data presented in literature, those of Experiments 
16, 28, 29, and those given under a discussion of the size of the colonies 
and mating, the great majority of the young queens are produced during 
the last of August and September. Many queens emerge even as late 
as October. In correlation with the production of young queens, the 
males are usually produced in late summer and fall. Instances of course 
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do occur where the males are found earlier than this and I have taken 
specimens at Philo, Illinois, as early as July 14. The early appearance 
of a few males is often caused by egg-laying workers in a colony where 
the queen has become lost or killed. 

Because of the comparative lateness of the appearance of the queens 
in spring, the workers are seldom found in the vicinity of Urbana, 
Illinois, at an early date. The earliest record that I have for a worker 
in this vicinity is June 24, 1911. Experiment 16, 1917, and Experiment 
28, 1919, both show that the first workers were not produced in these 














Ficure 5. Male and queen cocoons of Bremus americanorum. 


colonies until the last of June. After the appearance of the first workers, 
the number encountered in the field rapidly increases, and their 
maximum abundance occurs during the middle or last of August. 

A large amount of data in my possession concerning the time of 
capture of all castes of this species in other parts of its range, confirm 
in general what has just been stated relating to the time of appearance 
of the various castes. In the southern part of the range of this species 
the appearance of the over-wintering queens is hastened. Accordingly, 
the queens in such regions are common in March. This, of course, 
hastens the production of the worker caste and undoubtedly has its 
effect upon the span of existence of the colony and the time of rearing 
of the sexual castes. 
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5. CASTE RATIO. 


It is fairly evident that many more workers are produced as a rule 
than either males or queens. In large colonies, however, the combined 
number of males and queens may occasionally equal the number of 
workers. Examination records are not sufficient to show whether 
more males are produced than queens, or vice versa, but generally in 
my observation boxes a larger number of males emerged than did queens. 


6. SIZE OF COLONIES. 


Although the size of colonies of bumblebees varies as the result of 
their being the victims of favorable or unfavorable circumstances 
beyond their control, it is also true that certain species produce under 
optimum conditions smaller colonies than certain other species. The 
colonies of B. americanorum average very large in comparison with other 
Illinois species such as B. auricomus, B. bimaculatus and B. vagans. 
This is probably best explained on the basis of the high fecundity of the 
queens (I have found nineteen eggs in a single cell) and the long seasonal 
adjustment of the species. In the following table is given a summary of 
the contents of some of the natural colonies found near Urbana, Illinois, 
from 1919 to 1927. 


SUMMARY OF THE CONTENTS OF SOME OF THE NATURAL COLONIES. 





























r..4,. |Queens Good a 
Date W ork- Ween Males Ic Old |Cocoons} Eggs |Larvae Polls 
ers & Old) Ocoons (L or P) pots 
- — —— — — — — - | —__—— |- _ - — — 
June 20....... 0 1 0 0 0 2 | O 1 
July ZB. ...... 4 1 0 4 15 33 15 ? 
July 26. ...... 44 1 0 78 18 | 49 22 12 
August 4.... 11 1 0 23 8 18 21 ? 
August 4...... 17 1 0 45 32 52 ? ? 
August 12.... 23 0 11 36 17 7 48 16 
August 28..... a & 7 50 29 ? 5 ? 
September 6.. 69 11 10 ? 45 ? 31 19 
September 9. 76 57 46 ? 101 28 35 16 
September 14. 38 21 9 132 34 0 0 l 
September 13. 98 71 25 ? 236 4 , 4 18 
September 17. 27 25 24 278 80 8 15 ? 
September 25. 13 16 5 192 48 ? ? ? 
September 26. 15 ? ? 244 10 ? 34 ? 
October 3..... 10 0 0 ? 0 0 0 ? 
| 





It can readily be seen from this table that the colonies of this species 
are most populous in late summer and early fall. One of the nests 
examined on September 13 contained one hundred and ninety-four adult 
bees, besides two hundred and fifty-six cocoons from which the adults 
had not as yet emerged. Almost all of these latter cocoons eventually 
produced either males or queens, but a few produced workers; making a 
known total of more than four hundred bumblebees produced in this 








1930] Frison: Bremus americanorum 659 


nest. The average number of bumblebees of this species produced in a 
nest, however, is commonly less than two hundred. Mention has 
already been made that the comb in Experiment 29, 1919, was over 
twelve inches in diameter and I may add that it was nearly five inches 
in height in some places. 


7. VARIATION. 


This species does not exhibit striking variations in the color of the 
pubescence of the female castes. Certain specimens, of course, show 








FiGurE 6. Type of community in which the colonies of Bremus americanorum 
are most frequently found in the vicinity of Urbana, Illinois. 


more yellow or black pubescence than do others, but such variations are 
not pronounced and as far as my records are concerned can not be 
associated with definite localities or geographical areas. In the case 
of the males, however, marked color variation is more common and the 
various color phases occurring have caused the making of several 
synonyms. The apical dorsal abdominal segments of the male may be 
black, yellow, ferruginous, or combinations of these colors. All these 
color variations may occur within the same nest as I have repeatedly 
observed. Cresson (1863) was the first to note the occurrence of males 
with black, yellow, or combinations of these two colors in the same nest, 
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but he thought the males involved belonged to what is now known as 
the genus Psithyrus, Franklin (1913) does not mention the occurrence 
of these differently colored males in the same nest, but in his description 
of the male of americanorum correctly includes the various colored forms. 
I have frequently found the differently colored males in the same nest, 
but the red-tailed forms were always the rarest. One colony of this 
species which I studied in 1917, contained on September 12, twenty-six 
males. Twelve of these had black, eleven yellow and black, and three 
ferruginous pubescence on the apical dorsal abdominal segments. 

Although variation in size exists in all castes, it is particularly 
pronounced in the case of the workers. The workers that are produced 
in the earlier part of the season are often very small, whereas those that 
are produced later in the season may nearly equal the queens in size. 
The variation in the size of the males is oftentimes considerable, but 
it does not compare with that found in the workers. In a recent 
publication (Frison, 1927b) an illustration was presented showing all 
three castes and the variation in size shown by the females and males. 
In that paper data were presented indicative of the fact “that poly- 
morphism of the females is due to trophogeny.’’ Apparently all the 
females which measure over eighteen millimeters in length, have a width 
of ten millimeters at the second abdominal segment and are produced in 
late summer or fall, hibernate and start colonies in spring. The smallest 
worker of this species that I have studied measured but nine millimeters 
in length, 


8. COCOONS AND Foop STORAGE. 


The first structure used by the queen in spring for the storage of 
food is the wax-pollen honey-pot. This is constructed a short distance 
from the first egg cells or incipient comb. After the first workers 
emerge, this honey-pot is destroyed or loses its identity because of the 
rapidly expanding comb. As soon as empty cocoons are available 
they are renovated and used for the storage of honey and when full of 
honey are frequently capped with a hood of wax-pollen composition. 
It usually happens that there are more empty cocoons than honey 
surplus and accordingly many cocoons are not utilized for any purpose. 
I have seen the cocoons of males and queens utilized for the storage of 
honey as well as those of the workers, showing that size has nothing to 
do with their selection for honey storage. Sometimes fairly large 
quantities of honey are found in the cocoons in late summer and early 
fall and this has led to the destruction of many colonies of these 
beneficial insects by thoughtless individuals. One nest of this species 
which I examined on September 17, at White Heath, Illinois, contained 
two hundred and’ seventy-eight cocoons which had produced adults 
and one hundred and eighty-nine of these contained honey. 

Mention has already been made of the fact that this species of 
bumblebee makes small cup-shaped wax-pollen pockets on the sides of 
small groups of larve and hence belongs to the “‘ Pocket-maker”’ section 
in the terminology of Sladen (1912), the Marsipoea of Plath (1927b) and 
the Odontobombus of Kriger (1917). The last-mentioned term was 
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originally applied to the bumblebees upon the basis of structural 
characters, but since it applies to a natural biological unit equivalent 
to the Marsipoea it may conveniently be used for both systematical 
and biological groupings. When these pockets are small they nearly 
always appeared to be empty, but twice I have seen a little pollen in 
them. As the larve grow larger these pockets disappear or are con- 
siderably enlarged and used for the storage of large quantities of pollen. 
When so enlarged and altered their origin is easily overlooked. Less 
frequently the pollen is stored directly in renovated cocoons. The 
pollen found in the ‘‘pockets”’ on the sides of groups of small and 
medium-sized larvze in the case of the ‘‘ Pocket-makers”’ is thought by 
Sladen (1912), Wagner (1907) and Plath (1923a) to be directly utilized 
by the larve. The location of these pockets and the storage of pollen 
in them is suggestive of the fact that this pollen is directly used by the 
larve as food but not conclusive. Certainly, in the case of this species, 
many of the medium to large-sized larve are fed a regurgitated liquid 
food directly by the bees through openings in the larval cells and this 
method of feeding may be resorted to earlier. The nature and quanti- 
tative distribution of this liquid food to the various castes still awaits 
much research. In Figure 1, one of these small pockets can be seen 
attached to a group of small larve, and also alongside of the cocoons 
several of the large wax-pollen pots which originated as pockets. Figure 
4 shows a side view of the same nest and the large wax-pollen pots. 

The largest cocoons found in nests in late summer and fall are almost 
certain to produce queens. The cocoons which produce males are 
usually larger than those which are spun by the workers in the early 
summer. One cocoon of a male that I measured was nearly sixteen 
millimeters in height and twelve millimeters at its greatest diameter. 
The cocoons of queens are often nearly twice the size of those of males 
or workers. Figure 5 is a photograph, somewhat enlarged, of queen and 
male cocoons of this species. 


9. MATING. 


Mating takes place under natural conditions with this species 
usually in the latter part of August or September. Robertson (1890) 
has recorded seeing a male and female mating on September 9, and the 
observations by Fairchild and Barret (1906) were made in October. 
I have frequently seen males try to copulate with queens in my observa- 
tion boxes in the early part of September, and in several instances 
they were actually seen in coitu within the nest. In such cases the males 
mated with queens produced in the same nest. As recorded elsewhere, 
the writer (1927c) has successfully induced males and queens of this 
species to mate under controlled conditions. 

One frequently becomes aware of the presence of nests of american- 
orum through seeing numbers of the males circling about close to the 
ground over the place of the nest. Oftentimes they rest on the top 
of the nest if it happens to be a grass-covered one on the surface of the 
ground. This behavior of the males is associated with mating; for 
they are merely waiting to mate with the young queens when they 
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leave the nest. Several times I have found males and queens mating 
while resting on the ground near the nests from which the queens 
evidently came. 


10. NESTING SITUATIONS. 


Almost any dry and protected situation affording material for 
covering the comb is selected by queens of this species for their nests. 
It is not uncommon for queens of americanorum to utilize bird nests 
for a nesting site as evidenced by the records of Howard (1918), Rau 
(1922) and my discovery of a colony which was located in an old wood- 
pecker’s nest seven feet above the ground. Usually, however, the 
abandoned nest of a mouse on or a short distance beneath the ground, 
and which is exposed to the warming influence of the sun, is selected 
by a queen as the site of her nest. As a result of this preference for 
exposed situations, the nests of this species are the ones most often 
encountered in open fields and grassy slopes in the vicinity of Urbana, 
Illinois (Figure 6). Subterranean nests are frequently found and, 
according to my experience, nests just below the surface of the ground 
where the soil is readily warmed by the sun are usually more populous 
than those on the surface of the ground. 


11. TEMPERAMENT. 


The examination and study of many nests of this species have con- 
vinced me that americanorum is one of the most vicious and irritable 
species of bumblebee in Illinois if not in North America. That I am 
not alone in this judgment of americanorum is evident from the writings 
of Howard (1918), Rau (1922-1924), and Plath (1927a). Upon several 
occasions I have been forced to postpone my removal of their nests, 
by the use of an anesthetic, because of the vicious attacks of the workers. 
When their nest is disturbed many of the workers fly about in all 
directions and scout for the evil-doer. If their scouting is not successful, 
some of them will then alight on the ground near the nest and remain 
there a considerable time, ever on the alert for the reappearance of their 
potential enemy. If objects, such as an insect net, are left on. the 
ground near the nest due to a hurried retreat, many of the workers will 
promptly settle on them; thus showing that they recognize such objects 
as foreign to their usual surroundings. The sting of this bee is quite 
painful to me and on one occasion a sting just back of the ear on a small 
blood vessel caused my hands and feet to swell and red blotches to 
appear all over my body. Fortunately, these effects disappeared within 
twenty-four hours. 

12. FIGHTING. 

Although fighting among the bumblebee queens in spring over 
nesting sites is not confined to any one species, B. americanorum is a 
species much addicted to this habit. The finding of old dead queens in 


the heterogeneous covering about the comb upon several occasions is 
mute testimony of such fighting. In one nest I found four old dead 
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queens in addition to the live mother queen. Whether the queen first 
to locate the desired site was the living queen is problematical. Under 
controlled conditions fighting frequently occurs if two queens of ameri- 
canorum are placed in the same nesting box in the spring. 

Another interesting feature of the invasion of nests by queens is 
that queens will occasionally take up their abode in the nests of other 
species. A most interesting example of this type of parasitism was 
discovered during the first of August in 1919. When I found the nest 
I took it to be a colony of B. separatus (Cresson) because a worker of 
this species rushed out in defense of the nest. When the nest was 
opened—it was a surface nest—I was much surprised to find that I 
was dealing with a mixed colony. The queen controlling the nest 
belonged to the species B. americanorum. Evidently she had invaded 
in the earlier part of the season a recently started nest of B. separatus. 
Besides the worker of B. separatus which I caught at first, the nest 
contained another worker of the same species and the empty cocoons 
from which each had emerged. Furthermore, in the nest débris I 
found the old dead queen of B. separatus. Here, then, was a case where 
a queen of B. americanorum had invaded the nest of B. separatus, 
killed the separatus queen and either reared the separatus brood or 
adopted them! A colony of bumblebees subjected to such vicissitudes 
probably never attains anything like normal size, as was the case in 
this instance. Sladen (1912) reports that twice he has found very small 
colonies of B. lucorum which were ruled by a queen of B. terrestris. 
The queen of B. lucorum had evidently been killed by the invading 
queen; in fact, Sladen found the dead queen of /ucorum. It is interest- 
ing to note that in the cases reported by Sladen and the one I have 
mentioned, the more vicious species of bumblebee was the victor and 
also the invader. In the case of B. terrestris and B. lucorum the species 
are very closely related and such invasions are not as startling as with 
B. americanorum and B. separatus which not only belong to different 
subgenera but to different sections. 


13. PARASITES AND INQUILINES. 


As already stated in literature (Frison, 1916 and 1926b), the nests 
of americanorum are invaded by the social parasites Psithyrus variabilis 
(Cresson) and the reader is referred to these articles for a detailed 
account of these interesting social parasites and how they influence the 
community life of their host. Among the most serious parasites of 
this bumblebee are Brachycoma sarcophagina (Townsend) which kill 
the larve and pup, and Physocephala sagittaria (Say) which kill the 
adults. Information concerning these species has already been published 
and need not be repeated (Frison, 1926). The nests afford a lodging 
place for a motley assortment of occasional lodgers and scatophagus 
associates (Frison, 1926); the most common in Illinois being the larve 
of Fannia scalaris Fabr., Antherophagus ochraceus Mels., and Vitula 
edmandsii (Packard). The latter may ruin the comb. I have taken 
nearly four hundred and fifty larve of Fannia in a single nest and few 
nests are found without them. 
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14. DOMESTICATION. 


Plath (1923a) has attempted the semi-domestication of americanorum 
and so has the writer (1927a), but thus far no one has been able to 
successfully induce queens of B. americanorum, or its close relative B. 
fervidus, to develop colonies under controlled conditions. Of course, 
the nests may be successfully removed from natural locations and 
placed in observation boxes without greatly retarding the development 
of the colony. Both Plath and myself have found it easy to induce 
the queens to start a nest and lay eggs, but due to some peculiarity in 
feeding habits the larve have always died. Until this difficulty is 
over-come, the laboratory and economic exploitation of an otherwise 
most worthy species of bumblebee will be limited. 
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INTRODUCTION. 

The phenomenal spread of the Mexican bean beetle, Epi- 
lachna corrupta, in the Eastern United States and its poten- 
tialities for destroying the bean crop are viewed with alarm by 
neighboring states now free of the beetle. 

Many people believe the beetle can live almost anywhere 
and withstand great extremes of temperature. Metcalf and 
Flint state ‘‘further spread is sure to occur and in time its 
range will probably extend over almost the entire country.”’ 
The Mexican bean beetle is still spreading into new territory, 
mostly in a northeasterly direction. This has been attributed 
by Thomas (1924) to winds, which come from the southwest. 
A study of the physical ecology of the beetle indicates that it 
has very definite requirements of moisture and temperature, 
the correct interpretation of which should enable us to map 
with some degree of accuracy the final limits of its distribution 
in the United States. Such a study should also enable us to 
determine those regions in which the insect may be expected to 
be of economic significance each season as well as the areas that 
will suffer occasionally, due to a series of favorable years. 


666 
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LITERATURE. 

Howard (1924) was the first to record the effect of the hot, 
dry period of 1921 at Birmingham, Alabama. He states, 
‘‘Many thousands of pup gradually turned brown and died.” 
The experimental effects of sunlight were also tested by Howard, 
and he states ‘‘An exposure to direct sunlight for two minutes 
was fatal to first instar larvee one day old when shade temper- 
atures registered 96° F.’’ Since the bean beetle occurs in de- 
structive numbers both in the arid west and the humid east, 
Graf (1925) concludes that the climatic factors of temperature 
and humidity are not important factors in limiting the distribu- 
tion of this pest. In the season of 1925 a very severe drought in 
Tennessee almost wiped out the entire bean beetle population 
(Marcovitch, 1926). These observations led the author to 
make a study of the physical ecology of the beetle, which has 
been continued to date. Howard (1927) and Transeau (1927) 
made a study of the distribution of the bean beetle in Ohio, 
and they conclude that the beetle’s environment corresponds to 
the area originally covered with the mixed mesophytic forest, 
such as is found in eastern and southern Ohio. In South 
Carolina, Eddy and McAlister observed that the hot, dry 
summers of 1925 and 1926 killed off great numbers of bean 
beetles and prevented the general establishment of the pest 
throughout the Piedmont section. During the heat waves of 
1926 ‘‘All of the eggs, larvee and pupz, and some of the adults, 
were killed in many fields under observation.’’ Sweetman 
(1929) summarizes the literature and shows that the western 
infestation in the United States is largely confined to areas where 
moisture is added to the fields through irrigation. 


THE MEASURE OF DROUGHTINESS. 


The Mexican bean beetle is undoubtedly affected by droughty 
periods, and the question arises how to measure the intensity of 
a drought. The simplest method is to record the amount of 
rainfall. This method is unreliable because of the large run-off 
that often takes place. The southeastern United States com- 
prising Florida, the southern half of Alabama, Georgia, and 
South Carolina, with a high ratio of rainfall to evaporation is 
nevertheless subject to frequent droughts. The measure of 
precipitation in this area does not give an adequate idea of the 
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environment. The rainfall comes in torrential storms which 
dissipate their water in surface run-off. As high as 80 per cent 
of a 2.5 inch rainfall falling in four hours may be lost by run-off 
(Chilcott, 1911). Columbia, Couth Carolina, with 47.55 inches 
of annual rainfall may have 62 drought periods in nine years 
whereas Ames, Iowa, with only 30.4 inches of rainfall may have 
but 23 drought periods (Williams, 1911). Thus the degree of 
temperature and the amount of rainfall required to produce a 
particular value of relative humidity will differ in the northern 
United States as contrasted with the southern. 

Kincer (1919) maps those areas showing thirty consecutive 
days, or more without .25 inch of rainfall in 24 hours. These 
records point out that the central Appalachian district including 
Eastern Tennessee is least subject to droughts, which occur 
but one year in three. The plains sections are the most subject 
to droughts. Munger (1916) suggests that the intensity of a 
drought is most important and increases in a geometric relation 
to the length of the dry period. The single variable used is 
the length of the period without a 24-hour rainfall of .05 inch. 
The following formula is used viz.: 


Severity of Drought = Length of Drought K 4% Length of the Drought. 


Such a formula may approximate the actual conditions of 
the Pacific slope. East of the Rocky Mountains the summer 
rainfall is. more abundant. The high temperatures that fre- 
quently prevail, however, also greatly lower the humidity of 
the air. The two factors are closely interdependent. In order 
to incorporate both temperature and rainfall, the following 
drought index appears to be a measure of the conditions during 
a droughty period in harmony with the climatic requirements of 
the bean beetle, in the eastern United States. 


L 100 \2 
LX—xX{— 
2 R 


Where L = the total number of two or more consecutive days above 90°F. for 
the months of June, July, August, and September, and R = the total summer 
rainfall for the same months. 


With this formula, the intensity of a drought is made to 
increase as the square of its duration, and includes both factors 
of temperature and precipitation. 100 is used in place of 1 in 
order to avoid decimals. A drought varies directly as the 
temperature, and inversely as the precipitation. 
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TABLE I. 


L 100 \? 
Climatic index numbers, using the formula L KX — X (=) where L = the suc- 
R 


























9 
cessive number of days above 90°F. and R = the summer rainfall. 
L |Summer| (100) 100 \2 
Locality LX—| Rain- —- (=) Index 

2 fall (R) R Number 
Birmingham, Ala...... : 164 16.5 6.0 36 5,904 
Montgomery, Ala........ 244 16.0 6.25 39 9,516 
Centerville, Ala......... 309 23.0 4.37 19.1 5,871 
Yama, Arig.......:. rs 3533 1.1 90.0 8100. 2,861,730 
Little Rock, Ark...... : 173 15.0 6.66 44.35 7,612 
Fort Smith, Ark......... 160 14.58 6.85 46.92 7,504 
San Francisco, Cal...... 1 5 200. 40,000 40,000 
pe | | 11 6.5 15.38 237.1 2,607 
Greeley, Colo........... 64 5.7 17.54 306.2 19,584 
Jacksonville, Fla........ 96 26 3.84 14.74 1,421 
PINs hig. seo xc cee 292 32.77 3.05 9.3 2,715 
i 5 32.56 3.07 94.24 470 
Gertando; Pim... 2... 2.55: 632 29 3.44 11.83 6,457 
i ee 33 16.3 6.13 37.57 1,237 
Thomasyille, Ga...... ‘ 168 21.9 4.56 20.79 3,494 
Springfield, Ill...... bee 35 13.4 7.46 55.65 1,946 
Vincennes, Ind......... 205 15.5 6.45 41.60 8,528 
Des Moines, Iowa....... 33 15.5 6.45 41.60 1,372 
Lawrence, Kan.......... 96 17.7 5.64 31.80 3,052 
Tribune, Kan........ a 132 8.6 11.62 134.5 16,758 
Baton Rouge, La....... 190 23 4.34 18.83 3,572 
New Orleans, La........ 211 23.09 4.33 18.74 3,945 
Shreveport, La.......... 521 12.76 7.87 61.93 31,749 
Mexico City, Mex....... 1 16.7 5.98 35.76 36 
Battle Creek, Mich..... 19 13.4 7.46 55.65 1,056 
ee) 10 14.7 6.80 46.24 460 
TaCRson, NEIGE..... 0.00005. 416 15.7 6.37 40.57 16,848 
Columbia, Mo........... 56 13.8 7.24 52.41 2,934 
Helena, Mont........... 4 4.9 20.4 416.1 1,664 
Glasgow, Mont.......... 30 5.4 18.5 342.2 10,260 
Boston, Mass........ o 6 13.5 7.40 54.76 328 
North Platte, Nebr...... 45 9.92 10.0 100 4,500 
Bismark, N. D....... ; 13 8.9 11.23 125.4 1,625 
Agr. College, N. M...... 862 5.3 18.86 353.4 304,286 
Columbus, Ohio......... 18 12.7 7.87 61.93 1,114 
Hamilton, Ohio......... 106 14.7 6.80 46.24 4,876 
Oklahoma City, Okla... 500 12.6 7.93 62.88 31,400 
Muskogee, Okla......... 160 13.06 7.7 59.29 9,488 
Portland, Ore....... ; 10 4.9 20.40 416.1 4,160 
State College, Pa........ 7 15 6.66 44.3 310 
Columbia,’S. C.. Sei 88 17.9 5.58 31.13 2,728 
Charleston, S. C........ 34 17.7 5.64 31.80 1,079 
Pierre, S. D Sat oe 49 9.2 10.86 116.6 5,684 
Crossville, Tenn......... 1 18.23 5.49 30.14 30 
Knoxville, Tenn. . in 28 15.2 6.57 43.16 1,218 
Knoxville, Tenn. (1925).. 197 7.35 13.6 184.9 36,425 
Nashville, Tenn Rites 50 15.01 6.66 44.35 2,217 
Jackson, Tenn.... 223 14.4 6.94 48.16 10,927 
Wildersville, Tenn. ; 164 15.0 6.66 44.35 7,265 
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TABLE I—Continued. 











L | Summer] (100) 100 \? 
Locality LX—J| Rain- —_— ( ~) Index 

2 fall (R) R Number 
Trenton, Tenn.. 326 13.6 7.35 54.02 17,604 
Savannah, Tenn... 470 13.5 7.40 54.76 25,709 
Perryville, Tenn.... 342 13.5 7.40 54.76 18,810 
Austin, Texas....... | 1,512 10.6 9.43 88.92 134,416 
Galveston, Texas.... 32 19.15 5.23 27 .35 873 
St. George, Utah.... | 953 2.89 34.60 1,197 1,140,741 
Moab, Utah......... 500 2.87 34.84 1,211 605,500 
Roanoke, Va. Sates | 66 15.3 6.53 42.64 2,811 
Diamond Sp., Va........ | 16 23.7 4.22 17.80 284 
Fort Laramie, Wyo..... 71 4.9 20.4 416.1 28,536 
Border, Wyo....... 5 4.7 21.3 453.6 2,268 

THE CLIMATE OF TENNESSEE. 


Tennessee has an average precipitation of 50 inches and an 
average temperature of 58° F. The rainfall type that character- 
izes Tennessee has a winter maximum and a well marked 
minimum in autumn. Due to its great length, a variety of 
climates exist. Eastern Tennessee is mountainous and includes 
the Great Smoky Mountains, a region abundantly favored with 
moisture. The annual precipitation in these mountains reaches 
60 inches or more, while the mean temperature is but 45° F. 
Knoxville is located in a valley between the Smoky and the Cum- 
berland mountains with a mean temperature of 56° F. and has 
49 inches of rain. Middle Tennessee has a mean temperature 
of 58° F. and about the same amount of rainfall. West 
Tennessee is more or less flat, with a mean temperature of 
60° F. and 50 inches of rain, and is adapted for cotton raising. 

A study of the distribution of the insect in Tennessee 
clearly shows that the beetle reached East Tennessee first, 
gradually spreading to Middle Tennessee and spread very 
slowly towards the western third of the State. At first the 
absence of the bean beetle in West Tennessee proved puzzling, 
but the unprecedented drought of 1925 threw much light on 
the natural spread of the beetle as well as its capacity for 
destruction. The bean crops of 1923 and 1924 in Eastern 
Tennessee were almost completely ruined, due to a series of 
favorable years for the beetle, whereas in the drought period of 
1925 the insect almost disappeared. The influence of such 
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factors as temperature and moisture was clearly evident. 
Normally Eastern Tennessee is least affected by droughts 
during the growing seasons of June, July and August. The 
fact that the beetle is most consistently injurious in normal 
years indicates that East Tennessee possesses favorable con- 
ditions for multiplication. A drought such as occurred in 1925 
is exceptional. The temperatures were greatly above normal 
and the rainfall amounted to 7.35 inches (see Fig. 1). The 
months of June, July, August and September registered 60 
days above 90° F. and a drought index of 36,425, whereas 
normally but 23 such days occur and the index is 1218 (Table I). 
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Fic. 1. Monthly precipitation at Knoxville, Tenn. 
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Nashville and Middle Tennessee show an index of 2217, and 
are somewhat less favorable for the beetle. Crossville, Ten- 
nessee, located on the Cumberland Plateau at an elevation of 
1800 feet, shows a low index of 30, and suffers from beetle 
attacks accordingly. The years 1928 and 1929 in Knoxville 
were normal years, and the abundance of the bean beetle was 
evident. 

In West Tennessee we find a somewhat lower summer rain- 
fall than in East Tennessee and higher temperatures. Jackson 
averages 47 days or more above 90° F., and has an index of 
10,927. When these values are plotted West Tennessee shows 
a curve approaching that of East Tennessee for 1925 (Fig. 2). 
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Although West Tennessee shows considerable uniformity, the 
eastern counties, such as Carroll and Henderson were the only 
ones to report serious damage by the bean beetle. A study of 
the temperature records of these counties shows that they are 
cooler than the adjacent counties such as Gibson and Madison. 
In West Tennessee, Carroll and Henderson counties are fre- 
quently referred to as ‘‘hill country.’’ For Henderson County 
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Fic. 2. Number of days above 90. 


the only weather records available were for Wildersville which 
showed an index of 7,265. Jackson, only about 25 miles west 
shows an index of 10,927, while Gibson County shows an 
index of 17,604. West Tennessee is often spoken of as a unit, 
but these figures show that some towns are much hotter than 
others only 20 miles distant. In other words, West Tennessee, 
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in average years appears unfavorable for the multiplication of 
the beetle. In favorable years such as 1928 and 1929 with 
abundant summer rainfall the beetle will spread further west, 
and show greater capacity for destruction. During unfavorable 
years the beetle may actually lose territory formerly occupied 
as occurred in South Carolina in 1925 (Eddy, 1927). 


THE HUMID EAST FAVORABLE FOR THE BEETLE. 

The climates of the eastern states, especially those bordering 
the Atlantic Ocean, are comparatively humid, and approach 
the marine type of climate. As a group, they represent a 
combination of temperature and moisture most suitable for 
the life of the bean beetle. The region in the vicinity of Nor- 
folk, Virginia, shows a drought index of only 284. Injury by 
the beetle is known to be severe in this section. Other localities 
show equally favorable conditions, such as State College, 
Pennsylvania, with an idex of 310. 


THE LIMITING FACTORS OF THE SOUTHERN 
PLAINS STATES. 

The southern plains states, such as Kansas and Oklahoma, 
have a typically continental climate, characterized by wide 
extremes of temperature, with a good wind movement and high 
rate of evaporation. The occurrence of precipitation is irregular 
and droughts are relatively frequent. ‘‘Hot winds’’ are also 
characteristic, with temperatures ranging from 100° to 116° F., 
causing great injury to growing crops and even to the bark of 
trees. In the western half of the state great damage is often 
caused in a dry season in winter from high winds blowing the 
loose soil of wheat fields, leaving the roots of the plant bare. 

It is quite evident that western Kansas is not only too hot 
for the bean beetle in summer, but offers very poor hibernating 
quarters in winter. The drought index for Tribune, Kansas, is 
16,758, while that of Lawrence, Kansas, is 3,052. Assuming 
that the beetle can not exist in localities with an idex over 
10,000, Lawrence possesses a favorable climate, while Tribune 
is highly unfavorable. Oklahoma is also unsuitable for the 
bean beetle, since Oklahoma City has an idex of 31,400. Texas, 
with the exception of the higher portions of the western part, 
and a narrow strip along the Gulf, is much too hot for the 
beetle. Austin, Texas, has the high drought index of 134,116. 
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DROUGHT CONDITIONS IN THE GULF STATES. 

Although the Gulf states are favored by abundant pre- 
cipitation, drought periods are frequent because of the irregu- 
larity of the rainfall and frequency of torrential rains which 
dissipate in surface run-off. Montgomery, Alabama, for ex- 
ample, although favored with a summer rainfall of over 16 
inches, is subject to hot spells in summer time with a large 
number of days above 90° F. Its drought index is 9,516 which 
represents unfavorable climatic conditions for the beetle. A 
glance at the map showing the present distribution of the bean 
beetle indicates that the beetle has not spread south of Mont- 
gomery. Birmingham, about 100 miles north of Montgomery, 
is more favorable for the beetle with an index of 5,904. The 
insect was first introduced in the vicinity of Birmingham, and 
with a series of favorable years produced much injury to the 
bean crop. However, Birmingham is subject to droughts and 
in average years is not especially favorable for the development 
of the bean beetle. Because of the lack of beetles around 
Birmingham, the Bureau of Entomology found it necessary to 
move its laboratories to Ohio, where more specimens were 
available for experimentation. The southern third of Alabama 
seems to be too hot for the beetle. Centerville, however, with 
an index of 5,871 and the portion along the southern border 
appear favorable due no doubt to the influence of the Gulf of 
Mexico. 

It is quite possible that the bean beetle could live in southern 
Alabama if it was capable of crossing the hot belt south of 
Montgomery. 

Georgia presents conditions similar to Alabama. North 
Georgia is mountainous and very favorable for the beetle, 
while southern Georgia is too hot. It is of interest to note 
that an isolated infestation has been present around Thomas- 
ville for several years. Thomasville, with an index of 3,494, 
should be capable of supporting the beetle. The fact that the 
beetle has not spread from Thomasville indicates that the 
surrounding territory is not favorable. 


THE WESTERN INFESTATION OF THE BEETLE. 
Colorado and the neighboring states where the bean beetle 


has been present for 75 years is of special interest in the study 
of the*distribution of the beetle. Considering the phenomenal 
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spread of nearly 1000 miles in 10 years that took place in the 
eastern states, the comparatively static condition of the insect 
in the arid Rocky Mountains is striking. Graf (1925) believed 
that the beetle is adapted to the humid East and the dry 
West. Sweetman has shown that the western infestation is 
confined to the irrigated regions and that the beetle is not 
injurious in non-irrigated regions. Denver, Colorado, with an 
elevation of 5,283 feet and an index of 2,607 is fairly favorable 
for the bean beetle, while Greeley, Colorado, only a few miles 
east of Denver, but with an elevation of 4,649 shows an index 
of 19,584, and appears unfavorable. East of Greeley there are 
no mountain barriers to keep the beetle from spreading. List 
(1921) records the beetle from Greeley, and yet it has not spread 
east to any considerable extent. The eastern third of Colorado 
is the beginning of the hot arid plains which present an effectual 
barrier to the spread of the beetle eastward. 

In the western states the Mexican bean beetle is known to 
be present in Arizona, New Mexico, Colorado, Wyoming, 
Texas and Utah, being confined to high elevations or irrigated 
regions. At present only the irrigated southeastern section of 
Wyoming is infested. Laramie shows an idex of 28,536 and 
without irrigation is not favorable. The arid conditions of 
the state of Wyoming appear to present an effectual barrier 
to the spread of the beetle into western Montana, where con- 
ditions are more favorable because of lower temperatures. 
West of the Rocky Mountains, the well known desert conditions 
offer an insurmountable barrier. While the summers are dry 
in the Rocky mountain states, the winters are still drier. 
January, 1928 at Greeley, Colorado, showed but .08 inch 
precipitation and maximum temperatures of 70° F. Such a 
combination produces an extremely dry atmosphere, which 
must be highly unfavorable for hibernation. 

Tanner reports on the bean beetle at St. George, Washington 
County and Moab in Grand County, Utah. The weather 
records for St. George, Utah, show that this locality without 
irrigation is extremely unfavorable for the bean beetle, having 
a drought index of 1,140,741. Moab in eastern Utah is like- 
wise unfavorable with an index of 605,500. It is likely that 
conditions in Utah are similar to those of Wyoming, where 
without irrigation the beetle could not exist. The infestation 
in Utah may ultimately spread along the Wasatch mountains 
into Idaho, western Wyoming and western Montana. 
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MEXICO, THE ORIGINAL HOME OF THE BEAN BEETLE. 

Southern North America is believed to be the original home 
of the bean beetle. Since the bean beetle is a native destructive 
pestZof Mexico at elevations above 4000 feet, a study of the 
climate of this country should be instructive. With the 
exception of the low coastal area most of Mexico is an elevated 
plateau ranging from 4000 to 8000 feet in height. The mean 
annual temperature is 60° F. and the rainfall is 30 inches, 
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Fic. 3. Mean temperature. 





most of which falls in the summer months (Fig. 3). During 
July and August, the months most favorable for bean growing, 
maximum temperatures of but 70° F. are reached in Mexico 
City (Hernandez, 1923). This presents a remarkable contrast 
considering that Mexico lies in the tropical zone. May, the 
hottest month in the year, has a maximum temperature of but 
75° F, These comparatively low temperatures and the generous 
rainfall of 16 inches for the summer months, are the climatic 
conditions the bean beetle has been exposed to for numberless 
generations and undoubtedly present the optimum require- 
ments for breeding. 
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Any wide departure from these combinations of temperature 
and rainfall may be regarded as unsuitable for the development 
of the insect. The drought index of Mexico City is 36. Cross- 
ville, Tennessee, on the Cumberland Plateau with an index of 
30 is one of the few localities in the eastern United States that 
approximate the index number for Mexico. Since the Rocky 
Mountains extend into Mexico, there is every reason to believe 
that the beetle migrated from Mexico to Arizona along the 
elevated plateau and fed on the wild bean plants that are native 
to this region. 


TEMPERATURE AND MOISTURE STUDIES 
UNDER. CONTROLLED CONDITIONS. 


The preceding study indicates that the beetle has definite 
requirements of temperature and moisture for best develop- 
ment, and that certain localities are more favoarable than others. 
There remains the gathering of experimental data under con- 
trolled conditions so as to determine the optimum temperature 
and moisture requirements in order to check the field observa- 
tions. 


STUDIES AT CONSTANT TEMPERATURES. 


MetuHops UsED IN REARING 

The various stages of E. corrupta were reared in one-ounce 
tin salve boxes. The bottom of each box was covered with 
two or three pieces of blotting paper which were moistened 
each day in order to maintain the proper relative humidity. 

The larvze were secured by gathering egg masses from bean 
plants in the field and hatched under insectary conditions. 
Upon hatching the larve were placed in one-ounce tin boxes 
with moist paper and fresh bean leaves. Each day the boxes 
were examined and water and fresh food were added if neces- 
sary. After the larve entered the prepupal stage, just water 
was added to the boxes. 


THE Ecc STAGE 
The egg stage was the only stage that was difficult to 
handle in this manner. If the box was too moist fungi would 
grow rapidly and prevent the eggs from hatching. For this : 
reason sufficient data regarding the egg stage has not been 
secured to permit definite conclusions. 
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Incubation of eggs at various constant temperatures from 
limited data secured shows that both at 30° C. and at 25° C. 
the period of incubation was 6 days. At 15° C. the eggs 
hatched within 14.5 days. 


THE LARV& STAGE 
The growth during the larval stage was marked with the 
usual feeding and molting. The length of the larval stage was 
considered terminated when the larve attached themselves to 
the leaf. 


TABLE II. 
Length of the Different Stages of the Bean Beetle Under Constant Temperatures. 








Reciprocal 
Individuals 





Egg Stage 
14.5 0689 
10 (inter- 
polated) . 1000 
1666 
6 . 1666 


Temperature | Number of Duration in Days 
| 
| 
| 


Larval Stage 
43.66 02293 
23.30 .04291 
16.02 .06250 
12.93 .07751 


Prepupal Stage 
5.36 . 1869 
3.02 3311 
1.78 .5617 
1.60 .6775 


Pupal Stage 
13.75 .0727 
7.39 . 1357 
5.30 1886 
4.71 2123 


Total 

77.27 01295 
43.71 02288 
29.10 .03436 
25.34 03952 





Table No. II shows the average length of the different 
stages at constant temperatures. At temperatures ranging 
from 15 to 30° C. the larval stage varied from 14.5 to 49.4 days. 
At high temperatures such as 34° C. the young larve lived but 
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a few days. With the low temperature of 15° C. the larve 
seemed contented but required a long period of time to complete 
their development. Less variation in relative humidity occurred 
in the boxes during this stage due to the presence of food. 


THE PREPUPAL STAGE 
No change was noticeable during this stage of development. 
The length of the prepupal stage was considered from the time 
the larve fastened themselves to the leaves until the larval 
skin was slipped back and exposed the pupe. The prepupal 
stage averaged 1 to 5 days with the low temperature showing 
the greatest variation. 


THe PupaL STAGE 
Considerable variation occurred in this stage which required 
from 4 to 16 days. This stage was not greatly affected by the 
variable moisture conditions. 


TOTAL LENGTH OF THE IMMATURE STAGES. 

The total length of time for the development from the egg 
to the adult stage showed considerable variation. The average 
time to complete development at 30° C. required but 26.8 
days while at 15° C. 83 days were consumed. At 25° C. the 
greatest percentage reached maturity, so that this temperature 
may be considered as the optimum. Practically no mortality 
occurred at 15° C., although the period of development was 
greatly prolonged. At 30° C. considerable mortality occurred 
with but a small percentage of larve reaching maturity, while 
at 34° C. the larve lived only 4 days. 


THE EFFECT OF LOW TEMPERATURES ON THE COLOR 
OF THE BEAN BEETLE. 

It may be of interest to call attention to the effect of tempera- 
ture on the color of the beetle. At 25° C. and above, both the 
larve and pupe are a bright yellow color. The larve take ona 
darker hue at 20° C. due to the black-tipped spines, while the 
pupz show black lines on the wing pads. At 15° C. the larve 
assume a very dark appearance because the spines including 
their bases become black. The rest of the larval skin remains 
yellow. At the low temperatures the pupze also become dark 
with practically no yellow color showing. The spots on the 
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adults vary, although no markings were found characteristic of 
any one temperature. When the adults were reared at 15° C. 
the abdomen appeared quite dark. The dark color was not 
observed when the insects were reared at the higher temper- 
atures. 


MORTALITY IN A TEMPERATURE OF 100° F. AND 
VARIABLE HUMIDITIES. 

Two temperature cabinets were regulated to keep a constant 
temperature of 100° F. In order to maintain a relative humidity 
of 80 per cent three large pans of water were placed in one 
cabinet and towels were hung in the water so that they formed 
a wick. This method gave a relative humidity of 80 per cent. 


TABLE III. 


Showing 50 Per Cent Mortality in Hours Produced by a Temperature of 100° F. 
and Variable Humidities. 


40 Per Cent 80 Per Cent 100 Per Cent 
R. H. R. H. R. H. 


Small Larve ; _ 6.75 


Full Grown ; 13.75 


Adults... f 10.64 





The second cabinet was found to have a relative humidity of 
40 percent. The percentage of relative humidity was determin- 
ed by using a stationary wet and dry bulb instrument manu- 
factured by the Tycos Instrument Company. 

For the production of 100 per cent relative humidity Ehrlen- 
meyer flasks were half filled with water and kept tightly stopped 
during the experiment. The insects were suspended in the 
space between the water and the stopper. 

At 100° F. and a relative humidity of 80 per cent young 
larve lived but 8 hours, while full grown larve and adults 
lived 21 hours (Table III). Forty per cent relative humidity 
produced a kill in almost half the time. It is of interest to 
note that 100 per cent relative humidity is about as fatal as 
the dry atmosphere produced by 40 per cent. At 77° F. and 
relative humidities of 58 to 100 per cent, practically no mortality 
occurred, the insects living for several days. 
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Sweetman (1929) in his observations on the bean beetle in 
Wyoming considers moisture and precipitation as more import- 
ant factors than temperature in the distribution of the insect. 

The experimental work, however, indicates that temperature 
factor is the more potent in the life economy of the insect. 
Temperature and relative humidity are interdependent and 
vary inversely, high temperatures producing low humidities. 
The low humidities are fatal to the bean beetle only as the 
temperature is increased beyond the optimium of 77° F. 

Above 100° F. the insects succumb rapidly. At 106° F. 
small larve lived but 7144 minutes, while at temperatures 
ranging from 108 to 112° F. full grown larve and adults lived 
10-12 minutes. 

A few experiments were also performed with larve crawling 
on heated soil in full sunlight. Surface temperatures ranged 
from 106 to 127° F. at the time shade temperatures were 90° F. 
When the soil temperature registered 106° F. small second 
instar larve lived 34% minutes. At 115° F. they succumbed 
in one minute, while full grown larve lived for two to five 
minutes. 


FUTURE SPREAD OF THE BEAN BEETLE. 
BASED ON CLIMATE. 


In any study of the probable distribution of an insect, and 
its fitness to live in a new environment, a knowledge of the 
following aspects is important: 


(1) Origin and history of the insect. 

(2) Climate of the original locality of the insect. 

(3) Optimum temperature and moisture requirements, determined 
by breeding. 

(4) Conditions favoring optimum development of the host plant. 

(5) Food availability. 

(6) Ability to aestivate. 


The first criterion is easy, for we know that the bean beetle 
originated on the table-lands of Mexico. 

While Mexico is situated in the tropical zone, its table- 
lands are sufficiently elevated to have a temperate climate, 
and a few localities are even in the cold zone. The hottest 
months are characterized by maximum temperatures of 75° F. 
With 16 inches of rainfall during the summer months, the 
relative humidity is undoubtedly high. 
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In order to determine the most favorable temperature and 
moisture requirements for the development of the bean beetle, 
a number of the insects were reared under controlled conditions. 
The experimental data indicate that the largest percentage 
survived at constant temperatures of 77° F. and a relative 
humidity of 80 per cent. These figures undoubtedly represent 
the optimum conditions for breeding, and coincide in a striking 
manner with the climatic factors prevailing in the original 
breeding grounds of Mexico. 


PRESENT DISTRIBUTION ~- Cs 
aj~ 
FUTURE SPREAD =~ =->>>» 
LOCALITIES MOST FAVORABLE---@ 


Fic. 4. Spread of the Mexican Bean Beetle. 


The bean itself, the host plant of the beetle, requires cool 
nights, ample rainfall, and a comparatively high humidity. 
Cox and Pettigrove (1924) believe that these conditions are 
met with in eastern Michigan and account for the particular 
adaptation of a great part of Michigan land to bean production. 
In southern Michigan counties, the frequently prevailing hot 
weather of midsummer, which greatly favors the corn crop, 
prevents the suitable setting and filling of bean pods. 

The conditions favoring the culture of the cultivated bean 
are also favorable for the breeding of the beetle, and it is safe 
to say that the abundance of garden beans in the East has 
been a factor of no small importance in the rapid spread of the 
beetle. 
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On the other hand, the inability of the bean beetle to tide 
over unfavorable conditions has been a handicap. Breiten- 
becher (1912) has shown that the potato beetle (Leptinotarsa 
decemlineata) has the power to desiccate itself when placed in an 
arid environment, ceases breeding and enters the ground to 
aestivate. With the approach of favorable temperature and 
moisture conditions, the beetle comes to the surface and begins 
breeding. In Tennessee, potato beetles are always abundant 
and destructive in the spring months, but are seldom noticed 
during the hot summer months. This accounts for the fact 
that we have but one full generation of potato bugs, even 
though there is time for four generations. The bean beetle, 
however, has not the power to cease breeding and the approach 
of hot weather is often harmful to the second or third generation. 
This is probably the principal reason that the potato beetle 
has been able to cross the hot plains and reach the Atlantic 
coast, while the bean beetle had to be transported to the humid 
east in order to reach the coast. 


Knowing the climatic requirements of the bean beetle, and 
having determined those localities most favorable for its 
development, we are now in position to map the future distribu- 


L 100 \? 
tion of this pest. With the aid of the formula L x —"s (=) 


as discussed previously, we can assign an index number to any 
locality desired. The Mexican bean beetle appears to thrive 
in those regions having an index of 2000 or less, and these may 
be considered the ‘‘normal’’ zone of occurrence (Cook, 1925). 
Regions with an index of 2000 to 6000 (See Table I) will be 
subject to periodic infestations, and may be considered areas 
of ‘‘occasional’’ abundance. In a series of favorable years 
these areas may suffer greatly from the ravages of the pest. 
Localities above 10,000 may be considered highly unfavorable 
for the development of the bean beetle.* 


*Another severe drought occurred in 1930 over the Ohio valley, accompanied 
by a scarcity of bean beetles. Added confirmation of the conclusions reached in 
this paper is shown by the climatic index numbers that were reached at rep- 
resentative localities. Knoxville, Tennessee, for example, attained an index of 
17,253. Up to September 6, 1930, the drought approached that of 1925 in severity. 
The last three weeks in September, 1930, cooled off sufficiently to favor the pro- 
duction of an hibernating generation. This did not occur in 1925. At Columbus, 
Ohio, the index number approached 24,000, whereas the normal is only 1,114. 
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After the index number of many representative localities 
was determined, a map showing the distribution of the Mexican 
bean beetle was constructed (Fig. 4). Those states that appear 
unusually favorable have been designated by a large black dot, 
and include East Tennessee, North Georgia, Kentucky, both 
Virginias, Pennsylvania, New York, the New England states, 
eastern Ohio, Michigan, Wisconsin, Minnesota, Iowa, and the 
northeastern part of Florida. To the north the beetle will 
migrate along the Great Lakes, and eventually reach Minnesota 
and Iowa. 

In the South it will find a barrier of hot air in Central 
Alabama, Georgia, Mississippi, and northern Louisiana that 
will keep it from reaching the Gulf coast. The Atlantic coast 
seems to be favorable, and it is possible that the insect will 
travel along the eastern coast as far south as Jacksonville, and 
thence across to the Gulf coast and on to New Orleans. Just 
how the bean beetle will fare in Florida remains to be seen, as 
much will depend on suitable hibernation quarters and avail- 
ability of host plants during the summer months. 

The high temperatures of central and eastern Texas, Okla- 
homa, and western Kansas, and the meager summer rainfall 
of eastern Montana and eastern Wyoming, are factors that 
make these regions entirely unsuitable for the breeding of the 
beetle. 

The western infestation of the bean beetle is at present 
confined to the irrigated or elevated regions of western Texas, 
New Mexico, Arizona, Colorado, Wyoming, and Utah. The 
hot, dry conditions prevailing in the desert regions west of 
Arizona and Utah will prevent the bean beetle from reaching 
the western coast. On the other hand, there are good possi- 
bilities of its spreading along the mountain ranges of Utah 
into Idaho, and thence to western Montana, where conditions 
are favorable. From Montana, it will be possible for the beetle 
to spread into Washington, western Oregon, and the irrigated 
regions of California. 
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SUMMARY AND CONCLUSIONS. 


The phenomenal spread of the Mexican bean beetle in the 
East has been attributed to the prevailing wind. A study of 
the climatic requirements of this insect indicates that there are 
very definite limits of temperature and moisture that favor its 
development and determine its potentialities as a crop pest, 
as well as its ability to spread into new territory 

The original home of the Mexican bean beetle is the table- 
lands of Mexico and Central America. These elevated regions 
possess a uniform cool climate, with maximum temperatures of 
75° F., to which the beetle is best adapted. The breeding work 
indicates that a temperature of 77° F. is most favorable for 
survival. Higher temperatures hasten development but pro- 
duce greater mortality. At constant temperatures of 93° F., 
none of the larve were able to develop, while at 100° F. the 
small larve succumbed in 8 hours. 

Observations during the past five years under out-door 
conditions show that the high temperatures prevailing in mid- 
summer are often very unfavorable for the development of the 
insect. The following formula was used to measure the effects 


L 100 \2 
of a drought: L x a (=) where L is the successive num- 


ber of days above 90° F. and R is the summer rainfall. With 
the aid of this formula, the climatic index number of representa- 
tive localities was determined. Regions with an index number 
of 2000 or less appear favorable for the bean beetle. By the 
aid of these index numbers, a map was prepared showing the 
future spread of the bean beetle. 

In time the beetle will reach Florida by the way of the 
Atlantic coast, and Minnesota by the way of the Great Lakes. 
The western infestation will spread along the Rocky Mountains 
to western Montana, and thence to the irrigated bean sections 
of the Pacific coast. Localities with extremely hot summers, 
like central Texas and Oklahoma, northern Louisiana and 
central Mississippi, will be exempt from bean beetle depreda- 
tions. Cool humid regions, such as Eastern Tennessee, eastern 
Virginia, eastern Michigan, and Pennsylvania are most favorable 
for the beetle, and will suffer accordingly. Localities subject 
to droughts will often be free from the attacks of the pest 
except in a series of favorable years. 
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NORTH AMERICAN LEAFHOPPERS OF THE 
ATHYSANELLA GROUP.* 


(Homoptera Cicadellide.) 


HERBERT OSBORN. 


The leafhoppers of this group have been a source of much 
difficulty and confusion, owing partly to the fact that the 
species, or most of them, show marked cases of dimorphism. 
All have brachypterous forms and where macropterous forms 
have not been found the venation is too much modified to serve 
as a good taxonomic character. Not only the definition of 
species but their generic position has been a question of great 
difference of opinion and a careful revision of the whole group 
has been a matter of necessity if the species are to be properly 
classified. 

Material for this study has been accumulating in the author’s 
hands for many years but it has become more and more apparent 
with the increase of material that some more fundamental 
basis than the usual external characters must be found for the 
limitation of the species and the determination of their affinities. 
This it was hoped might be secured by a study of the male 
genitalia, both external and internal, and it was therefore 
counted a happy circumstance that I was able to have the 
assistance of Mr. J. N. Knull in the preparation of the genital 
structures for microscopic study. That these furnish a really 
good basis for some positive conclusions will, I think, be seen 
from the descriptions and figures presented here. One immed- 
iate conclusion is that these structures furnish sufficient basis 
for the formation of at least three new genera and as these 
species have up to the present, not figured to any great extent 
in economic or general literature it is best to designate them 
without further delay. Moreover it is believed best to separate 
them from the old world genera to which they have sometimes 
been assigned since most of the characters on which such 


* Contribution No. 104, from the Department of Zoology and Entomology, 
Ohio State University. 
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disposition has been made are superficial and probably represent 
convergence rather than phylogentic affinity. A glance at the 
synonymy of some of the species will show how wide a divergence 
of opinion has existed as to relative importance of different 
characters. Considering all these points it seems certain that 
it will avoid many complications of nomenclature and give 
better stability to re-establish the genus Athysanella of Baker 
to include a small group of closely related forms and to propose 
two or three new genera to include certain species that present 
very well marked differences in structure as also associated or 
correlated features of pretty evident nature when once the 
groups are defined. 

While the species discussed. here have very few of them 
received mention as economic species it is only necessary to 
observe the immense numbers in which they occur, especially 
upon the grasses of the plains region east of the Rockies and in 
many of the dry or semi-arid sections of southern Texas, New 
Mexico and Arizona to appreciate that they must act as a very 
heavy drain upon the forage value of the native prairie and 
plains grasses. 

So far as observations go all the species discussed here are 
restricted to species of the grass family and some of them have 
been very definitely connected with buffalo grass and the 
Boutelouas but the closer restriction to particular species of 
grasses, if it occurs for these species of leafhoppers, has not 
been determined with sufficient certainty to be recorded. 
This may now be undertaken with the separation of the species 
as a basis for exact observation. For additional references 
and synonymy the student may consult Van Duzee’s, ‘‘Catalog 
of Hemiptera.’’ Types and paratypes of the new species are 
in National Museum, the Ohio State University, and collections 
of Dr. E. D. Ball, Dr. Paul Lawson, Univ. of Kans., and the 
author. I am indebted to Dr. E. D. Ball, for generously 
turning over to me an extended series of specimens including 
some undescribed species. To Dr. P. B. Lawson and D. M. 
DeLong for loan: of specimens and to Mr. J. N. Knull for 
dissections and drawings, and Miss Charlotte King for certain 
drawings. 
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Key to GENERA OF THE ATHYSANELLA GROUP. 


F< See STE BE I cece cr ct atensek ant ess Cccederetutenweecee 2 
DnIOG: WIER: PORMNMOME TIDIRT CHUB. 6 6 66 05s cde cedti wenden isiedeencateds 3 
2. Head conic, vertex long, male genitalia small...................... Gillettiella 
Head short, rounded or faintly angular in front, vertex broader than long, 
SDE UTI CUI iiss 6 Si ce eben ksancrinetsanerncates Amphipyga 
3. Male pygofer with pectinate appendage, tibial spur short, vertex wider 
TOON DONE, OUMNINOY TOE os eee s coenc cs cccsayeusnnpabcenes Pectinopyga 
Male pygofer without pectinate appendage, tibial spur usually long........ 4 


4. Vertex usually short, wider than long, male pygofer large, usually rounded 

behind, without acute tooth or process at tip, species more robust, 
Athysanella Baker 

Vertex usually longer than wide, male pygofer with acute tooth or long 
process at tip, species usually small and slender.............. Gladionura 


Gillettiella n. g. 


Head distinctly angular, subconical; vertex longer than width be- 
tween eyes, flattened, margin bluntly angulate to front. Pronotum 
shorter than vertex; scutellum small, acuminate; elytra short, (microp- 
terous) reaching second abdominal segment, venation faint; female 
ovipositor long, extending one-third beyond pygofer; male pygofer 
obliquely narrowed, rounded at apex, oedagus slender, basal part broad, 
apical part slender, curved to base, with rather thick basal process. 


Type of the genus Gillettiella labiata Gillette. 

This genus will include also G. atropuncta Gillette. These 
species differ so distinctly in genitalia from other species formerly 
grouped under Aconura, that it seems desirable to separate 
them as a distinct genus. They approach Lonatura in some 
characters, but considering details of elytra and head structure, 
it does not seem proper to refer them to that genus. 

In a single macropterous specimen received from Dr. 
Lawson, the only one I have seen, the venation is quite different 
from any of the genera here given and peculiar in the apparent 
absence of cross nervures separating anteapical and apical 
cells. 

Gillettiella labiata (Gill.) 
(Plate IV, Fig. 20.) 


Deltocephalus labiata Gillette, Colorado Exp. Sta. Bull. 43, p. 26, (1898). 
Aconura labiata Van Duzee, Catalog, Hemip., p. 653, (1917). 


Head slightly wider than pronotum, bluntly angular; ocelli close to 
margin, margin bluntly angular, front convex, one-half longer than 
wide; clypeus short, sides parallel. Pronotum a little more than half 
longer than vertex; scutellum minute; elytra minute, abbreviated, 
extending on to second abdominal segment. 

Genitalia: Female ovipositor extended, half longer than pygofer; 
last ventral segment longer than preceding, hind border strongly sinuate, 
central part roundingly produced; male valve long, acutely angular; 
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plates extending slightly beyond valve, tapering to blunt apex; pygofer 
obliquely narrowed to rounded apex, bearing a series of delicate bristles 
on the submargin, a small subapical spur; style broad at base, apex 
sharp and outcurved; aedeagus slender rod-like, base slender, outer 
part thickened at base, apex tapering, slender, basal tooth oblique, 
(See Fig. 50, a and b). 

Color: Light gray, except in variety rufus Gillette; vertex slightly 
infuscate, with pale border, central and crossline. Pronotum with 
faint series of spots, often obsolete; elytra concolorous; abdomen pale 
gray with faint dots; in male apical part of elytra with whitish veins; 
upper part of abdomen black with terminal segment next to pygofer 
white; pygofer black at base, white at tip; face whitish with fuscous 
arcs, apical part of clypeus and lore fuscous; pectus and venter with 
white margins. 


Numerous specimens from Pueblo, Garden of Gods, Ft. 
Collins, Colorado, (Herbert Osborn collector). Described by 
Gillette from Ft. Collins, Manhattan, Bellvue and Colhan, 
Colo. Variety rufus? Gillette, was taken on reddish soil in 
Garden of the Gods by the author. 


Gillettiella atropuncta (Gill.) 
(Plate IV, Fig. 21.) 
Deltocephalus atropuncta Gillette, Colorado Exp. Sta., Bull. 43, p. 28, (1898). 
Aconura atropuncta Van Duzee, Cat. Hemip., p. 653, 1917. 

Head narrower than pronotum, sharply angular; vertex more than 
one-half longer than wide; ocelli close to margin, front long, faintly 
convex; clypeus long, sides parallel. Pronotum, short, a little more 
than half as long as vertex; scutellum small, acuminate. Elytra short, 
broadly rounded behind, reaching on to third abdominal segment. 
Abdomen sharply tapering, ovipositor extended. 

Genitalia: Female last ventral segment sinuate; male valve long, 
slightly exceeded by plates which taper to nearly acute tips; pygofer 
obliquely narrowed, apex broadly rounded; internal genitalia slender; 
styles narrow, tips out-turned; aedeagus slender, basal process at right 
angles. (Fig. 51, a and b). 

Color pattern similar to Jabiata Gillette, females with three distinct 
double stripes on abdomen; male with conspicuous median line and 
transverse bars on vertex, milky subapical band on elytra, and bluish 
white band on pygofer; male pygofer bare, jet black, apex dull whitish; 
face with distinct, transverse band including apex of front and base of 
clypeus and lore white. 


The species was described from La Porte and Ft. Collins, 
Colo., and the writer has collected it in 1910 at Brownsville 
and San Antonio, Texas, and Delphos, Kansas. Specimens in 
DeLong and Osborn collections from Clay Co., Kansas, and 
in the Lawson collection from Kansas and Nebraska. 
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Genus Amphipyga Osborn. 
Ohio Biol. Sur., Bull. 14, p. 289, 1928. 


Robust species with the vertex short, rounded or slightly angulate 
and usually with two conspicuous black spots or lines between the 
ocelli. There is no tibial spur in males and the females have long 
extruded ovipositors but not in most species so extremely elongate as 
in some of the species of Athysanella or Gladionura. . The male pygofer 
is inflated or elongate, the valve large and the plates broad, often 
divergent. Type Amphipyga balli. 


Key TO SPECIES OF AMPHIPYGA. 


1. Elytra not reticulate or with fuscous maculations : 2 
Elytra with many cross veins and with fuscous maculations in cells, 
reticulata n. sp. 


i) 


Male plates long, usually reaching nearly to tip of pygofer 
Male plates short, much shorter than pygofer, usually divergent 
3. Smaller species, 2 to 3 mm. long....................-. 
Levent epecten. eeumily 4 00-6 TORR, Hii ao so inka can weno i 85> sched Wennte 
4. Vertex faintly angulate, spots usually present; male plates broad, 
divergent, tapering to blunt tips; pygofer without blunt tooth at tip; 
GORE Sear Oe WU sos no 5c Sav 0.6 Sa Dare cad ee Ree es occidentalis Baker 
Vertex rounded, not at all angulate, spots often obsolete; male plates 
contiguous, scarcely divergent, tips broad and rounded; pygofer with 
OUTE DNG TO OO GRINS: ra ice wero aan aridella n. sp. 


Cre & 


5. Male pygofer very long, obliquely RNIN cs cxcncn Ch cdpSutles com alta n. sp. 
Male pygofer broad, rounded behind...................... .....Stylata n. sp. 
6. <A black dot at tip of vertex, usually distinct, sometimes obscure. Larger 
GOON, OU TNIN oconc i i caves scaceunea ss Chudasemclaye seeds ated 7 
Spots of vertex near — black dot at apex faint or wanting; small, 
ee Se rT ree cer rr tint ir cee californica n. sp. 


Elytra with faint or narrow lines; female segment truncate or emarginate, 
striate; male plates longer than w ide; pygofer oblique-elongate and with 
MONON, 650 hc. ccorgasmanes een eeee ce me aiees ere aaa acuticauda Baker 

Elytra with broad stripes; female ‘segment bisinuate; male plates very 
short, wider than long; pygofer short, not acute at tip, style exposed, 

balli n. sp 


Amphipyga reticulata n. sp. 


Head large, wider than pronotum; vertex wider than long, rounded, 
faintly depressed behind the middle; front broad, tumid, convex in 
profile. Pronotum nearly as long as vertex, distinctly concave behind. 
Elytra short, roundingly truncate. Ovipositor rather short, extending 
about one-fifth its length beyond the pygofer; last ventral segment 
short, scarcely as long as preceding, truncate or somewhat emarginate. 

Color: Dull gray, with distinct fuscous markings, vertex with 
two large black spots, and some minute dots, spots obsolete in one 
specimen; frontal arcs distinct, sutures black. Pronotum with six dots 
near the anterior border, and a dot near the hinder edge at the side. 
Elytra hyaline, with fuscous maculations in the reticulate cells; veins 
whitish. Abdomen rather strongly marked with fuscous, the spots of 
the median and lateral lines merging into stripes. Pygofer with distinct 
fuscous stripe, hind border of segment and the ovipositor, especially 
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tip, blackish. Pectus and disc of venter, blackish. Legs somewhat 
infuscate. 
Length: Female, 4 mm. 


Described from two females from the collection of Doctor 
E. D. Ball, Elsinore, Utah, April 22, 1906. 

A male which probably belongs with this species lacks the 
black spots of the vertex and the distinct reticulation of the 
elytra, and the front is less tumid. ‘The pygofer is long, sloping, 
apex rather acute, valve short, angulate posteriorly, the plates 
widely separated, divergent, triangular, apex acute and reaching 
apex of pygofer. Style long, tip slender. One specimen 
Monroe, Utah, July 25, 1906, from the collection of Doctor 
E. D. Ball. 


Amphipyga occidentalis (Baker). 
(Plate I, Fig. 2.) 
Athysanella occidentalis Baker, Psyche, Vol. VIII, p. 186, 1898. 
Athysanella minuta Baker, Psyche, Vol. VIII, p. 189, 1898. 
Aconura occidentalis Van Duzee, Catalog, Hemipt., p. 653, 1917. 

Head as wide as pronotum, faintly angulate; vertex wider than 
long, as long as pronotum; front broad; clypeus slightly longer than 
wide; lore broad; cheeks faintly sinuate. Elytra in macropterous form 
slightly exceeding ovipositor, brachypterous form extending on to base 
of abdomen. Female ovipositor about one-third longer than pygofer, 
last segment short, hind border distinctly sinuate. Male pygofer 
elongate, obliquely truncate, apex rounded, valve large, sub-angulate, 
plates triangular, scarcely longer than valve, diverging, outer border 
slightly sinuate. Style blunt with a blunt tooth near its apex. Aedea- 
gus slender, curved, inner margin faintly serrate. (Fig. 30, a and b). 

Color: Light gray; elytral veins faintly bordered with fuscous; 
brachypterous form sub-hyaline, scarcely marked; abdomen with a 
fairly distinct series of fuscous spots, bordering the median line, and 
fainter series laterally. 

Length: 2.5 mm. 

This species was described from Colorado, and besides the 
type specimens seen I have material from Fort Collins, Colo., 
Bismark, North Dakota, and Doctor Ball’s collection includes 
specimens from North Colorado and Denver, as well as Fort 
Collins. Baker’s minuta is evidently the male of this species 
as only females of occidentalis and males of minuta have been 
noticed in all the specimens examined, and considering close 
agreement in all general characters, and that they are often 
collected together, I am satisfied that they should be merged 
and occidentalis has priority on account of position in the 
published paper. 
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Amphipyga aridella n. sp. 
(Plate I, Fig. 4.) 

Head wider than pronotum; vertex wider than long, as long as 
pronotum, front border rounded; front broad, scarcely longer than 
wide; clypeus wide, sides nearly parallel; pronotum short, hind border 
nearly straight; scutellum small, elytra extending on to second abdom- 
inal segment. Abdomen broad, contracted posteriorly; ovipositor 
exceeding the pygofer about one-fifth of its length; last ventral segment 
short, sinuate, median lobe polished. Male pygofer rather long, 
sloping, hind border sinuate, apex with a minute tooth; valve large 
rounded behind; plates broad, broadly rounded at apex, sides sinuate, 
reaching to tip of pygofer; style short, apical part enlarged, sub- 
capitate; aedeagus curved, margins minutely serrate. (See Fig 31, 
a and b). 

Color: Pale gray, somewhat tinged with fulvous, the usual round 
black spots of vertex often obsolete in many specimens. Elytra hyaline, 
veins faintly edged with fuscous; abdomen fuscous with yellow spots on 
the basal segments and at sides, or mostly fulvous with series of fuscous 
dots. 

Length: Female, 2.5 mm.; male, 1.75 mm. 


Described from a series of specimens collected by the author 
at Tucson, Arizona, Feb. 1910, (Type No. in National Museum 
43177), and another collected by Dr. E. D. Ball, at Mojave, 
California. This is a small species about the size of occidentalis 
but with a different fulvous tinge, a more rounded vertex and 
very distinct genitalia. 


Amphipyga alta n. sp. 
(Plate V, Fig. 24.) 

Large, robust, head wider than thorax; vertex wider than long, a 
little longer than pronotum, pronotum short, distinctly convex behind. 
Elytra reaching third abdominal segment, broadly rounded behind in 
female, more nearly truncate in male. Male tibia not spurred, female 
ovipositor moderately long, extending beyond the pygofer about one- 
fourth its length; last ventral segment long, truncate or slightly convex, 
minutely rugose at middle; male pygofer very long, tapering toward a 
broad tip which has a strong, chitinous lobe or tooth at the inferior 
angle; valve long, angulate behind; plates long, reaching nearly to tip 
of pygofer, divergent, outer margin concave, apex bluntly angular; 
style long, nearly straight, with a broad lobe toward the base, aedeagus 
very long, curved, and expanded into three leaf-like parts,. the edge of 
each being minutely serrate, (See Fig. 47a, 47b). 

Color: Dull gray, distinctly marked with fuscous; vertex with 
lunate spot over the ocelli, a distinct one at apex, two brownish stripes 
on the disc, the front with a black point at base, a series of fuscous 
arcs and two diverging stripes toward apex, pronotum with black 
dots near the anterior margin, faint longitudinal stripe near the middle, 
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and a dusky patch toward the sides, elytra smoky hyaline, with the 
veins whitish; abdomen with series of black dots, merged into stripes 
in the male; beneath blackish; legs pale with series of black dots, middle 
of female segment, the male valve, styles and aedeagus, black. 


> 


Length: Female, 4.5 mm.; male, 3 mm. 

Described from a series of specimens, Gallatin County, 
Montana, at elevation 4800 ft., April 26, 1902, (R. Benton,) 
and sent to me by Prof. R. A. Cooley. National Museum 
Type No. 43178. 

A series of specimens from Pierre, 5. Dak. and a specimen 
from Devil’s Lake, N. Dak. evidently belong here, although 
slightly larger. This is the largest species of the genus, and 
the enormously expanded genitalia are a strong contrast with 
those in the related forms. 


Amphipyga stylata n. sp. 
(Plate II, Fig. 7.) 


Robust, head broader than pronotum, vertex longer than pronotum, 
about as long as wide, with a distinct transverse depression behind the 
middle, and a small depression near the tip. Pronotum short, slightly 
emarginate. Elytra obliquely truncate, reaching to base of third 
abdominal segment. Ovipositor long, extending one-fourth its length 
beyond the long pygofer; last ventral segment convex, margins blackish; 
male pygofer broadly rounded behind; valve broad, obtusely angulate; 
plates triangular, separated at base, divergent, not reaching tip of 
pygofer; styles long, slender; aedeagus moderately expanded, furrowed, 
margins minutely serrate, inner apex with a minute sharp tooth. (See 
Fig. 33). 

Color: Pale gray, distinctly marked with fuscous, vertex with a 
black line near the ocellus, black point at tip, with fainter branches 
extending back upon the apical depression, and faint transverse bar 
between the eyes, a minute black line near the base. Front with fine 
fuscous arcs, blackish sutures, and shaded median stripes on the apex 
of front. Pronotum with three pairs of black dots near the anterior 
margin, and, in the male, two short black stripes each side. Elytra 
pale fuscous, hyaline, with opaque whitish veins. Abdomen with 
series of black dots each side of the middle, and black lines at the sides 
of the usual pattern. Beneath black except at the margins, the apex 
of female segment, base of male valve, and inner genitalia, black. 

Length: Female, 4 mm.; male, 3 mm. 


Collected at Grand Junction, Colo., by the author, March 
1910. Types in National Museum (No. 43179) and author’s 
collection. 

A possible variety is noted in a male specimen with markings 
obscure and with the internal ‘genitalia, (Fig. 49) somewhat 
different but this was taken at same date and locality and I 
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believe it to be only a variation. Comparison of the internal 
genitalia of a number of specimens may be necessary to de- 
termine this matter. As seen in undissected specimens the one 
shown in Fig. 33 seems to be correct. 


Amphipyga acuticauda (Baker). 
(Plate I, Fig. 1.) 
Athysanella acuticauda Baker, Psyche V. VIII, p. 187, (1898). 
Aconura acuticauda Van Duzee, Catalog, Hemip., p. 653, (1917). 

Head wider than pronotum; vertex bluntly angular, two-thirds as 
long at middle as width between eyes. Pronotum about as long as 
vertex. Scutellum small in micropterous, larger in macropterous 
form. Elytral veins running to apex, no anteapical cells in micropterous, 
two and broad costal cells in macropterous form. 

Female segment truncate or slightly concave; ovipositor extending 
a little more than one-fifth beyond pygofer; male valve large; hind 
border rounded; plates short, triangular, reaching a little more than 
half way to tip of pygofer; pygofer broad, short, somewhat produced 
and angular or bluntly dentate at tip, with stiff submarginal bristles 
above, (See Fig. 28). 

Internal Genitalia: Styles elongate, simple, nearly reaching tip of 
plates, aedeagus strongly curved, tapering to sharp point with large 
basal spur. 

Length: Female, 3.5-4 mm.; male, 3 mm. 


Described from Illinois. I have collected specimens from 
Iowa, Maine, Kalispell, Mont., Brookings, S. D., Fort Collins, 
Colo., Devil’s Lake, N. D., and it has been recorded from New 
York. It probably occurs throughout the range of Canadian 
blue grass which appears to be a favorite food plant. It often 
occurs in enormous numbers and must constitute a serious 
drain on the forage value of this grass. 


Amphipyga balli Osborn 
(Plate I, Fig. 3.) 
Amphipyga balli Osborn, Bull. 14, Ohio Biol. Survey, 1928, p. 289. 


Resembling acuticauda in size and general appearance but with 
distinct stripes on the elytra and very different genitalia. Head slightly 
wider than pronotum; vertex broad, faintly angulate, as long as pro- 
notum; front narrowing uniformly to clypeus; clypeus broad, slightly 
elevated medially; lore large; cheeks narrow. Pronotum faintly 
striate. Elytra reaching base of abdomen, truncate behind. Abdomen 
broad. Female ovipositor extruded about one-fourth its length; last 
ventral segment short, scarcely longer than preceding, truncate or very 
faintly sinuate, polished. Male, pygofer, short, lower angle slightly 
produced; valve broad, rounded behind; plates‘short, triangular, inner 
border sinuate; style large, with a long spur; aedeagus expanded, 
furrowed and serrate. (See Fig. 29). 
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Color: Light gray, a large round black spot each side on border 
between vertex and front, a small black dot at apex, three pairs of small 
fuscous dots on pronotum, and three broad stripes and a wedge-shaped 
shorter one on the elytra; the abdomen with four series of fuscous dots 
each side; beneath fuscous, with yellowish patches at the sides and on 
the middle part of the abdomen. 

Length: Female, 4 mm.; male, 3 mm. 


Described from numerous specimens collected at Burlington, 
Iowa, by the writer, Ames, Iowa, (Ball and Osborn) ; Columbus, 
Bellaire, and Marietta, Ohio, (Herbert Osborn). This species 
has been confused with acuticauda, but the details of internal 
genitalia as well as other distinctive characters establishes its 
identity. Type and paratypes in collections of author and 
Dr. E. D. Ball and National Museum, (No. 43180). 


Amphipyga californica n. sp. 


Small, dark colored, resembling acuticauda but smaller and with 
the veins of inner sector coalesced for some distance. Head slightly 
wider than pronotum, vertex short, broad, slightly longer than prono- 
tum, very obtusely angulate; Pronotum slightly concave; scutellum 
small; Elytra obliquely truncate, the veins of inner sector of medius 
coalesced with radial for nearly one-third its length; abdomen broad; 
pygofer large, sloping, apex rounding with a minute process at tip, and 
a few scattering bristles near the upper border; valve large rounded 
behind; plates short, approximate, wide at base, narrowing sharply 
to blunt, black tipped apices. 

Color: Dark gray, with fuscous markings; vertex with a dark 
gray band and short oblique stripe at base, two shiny black spots on 
front border, without central dot; front with short arcs, black sutures; 
pronotum with two black dots near the middle anteriorly, two larger 
dots behind the eye, a pair of dusky stripes near the middle, and a broader 
patch at the side; elytra with veins whitish, bordered with fuscous, 
and disc of the cells obscurely hyaline; abdomen with spots united to 
form fairly distinct stripes, pygofer with a black spot at base; valve and 
tips of plates, and apical tooth of pygofer, black. 

Length: Male, 1.7-2 mm. 


Described from a single male (holotype, author’s collection) 
collected by the writer at Elsinore, Cal., Feb. 6, 1924. This 
species might ‘be taken for a small acuticauda, but it differs 
distinctly in absence of the black dot at tip of vertex, the 
coalesced veins of elytra, and the shape of the plates. Dr. 
Ball has sent me a second specimen, from Ephriam, Utah, 
which agrees perfectly with the one described above except 
that there is a fairly distinct apical dot on vertex and a pair 
of dark lines on median line of front. 
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Pectinapyga n. g. 


Vertex as long as broad, somewhat flattened, a little depressed 
toward the tip, rather distinctly angulate to front; ocelli distinctly above 
but close to the margin and very small. Pronotum short; scutellum 
small, wider than long, micropterous forms with elytra very short, 
barely reaching second abdominal segment; male hind tibia with a 
short spur half as long as first tarsal segment (Text Fig. 1a); ovipositor 
moderately long, extending about one-fourth its length beyond the 
pygofer, male pygofer with a chitnous tri-lobed or pectinate process on 
the lower hind border close to the apex, more or less concealed in the 
dry specimens, (See Fig. 48). Aedeagus with a slender basal rod, 
and expanded curved distal part, at the base of which is a large dorsal 
spur, style bilobed, acute at apex. Type species Pectinapyga texana. 


Pectinapyga texana n. sp. 
(Plate IV, Fig. 16.) 


Small, rather slender, somewhat flattened. Head scarcely as wide 
as pronotum, distinctly angulate; vertex flattened, as long as broad, 
nearly twice as long at middle as next to eye; ocelli minute, close to 
anterior border; front slightly flattened, straight in profile, about as 
wide as long; clypeus half longer than width at base, sides nearly parallel, 
disk slightly elevated; lore elongate, reaching nearly to border of 
cheek. Pronotum broad, short, about two-thirds the length of the 
vertex; scutellum very small; Elytra short, reaching to base of second 
abdominal segment; Ovipositor one-fourth longer than pygofer; last 
ventral segment half longer than preceding segment, hind border 
slightly sinuate. Male, valve short, obtusely angular; plates broad at 
base, elongate, more than twice as long as valve, distinctly expanded 
on basal fourth, inner border nearly straight, apex bluntly rounded; 
pygofer elongate, obliquely narrowed from base of anal tube, apex 
bearing a conspicuous black chitinous tridentate process, more or less 
concealed or enfolded in dry specimens, a small cluster of bristles near the 
upper hind border. Internal genitalia, style expanded, bilobed, aedeagus 
with slender basal rod, expanded apical part, strongly curved, with 
large basal process, (See Fig. 48a and b). 

Color: Quite variable, pale specimens, being almost devoid of 
markings, darker specimens possessing fairly well marked dots, or 
dashes of fucous, evident between the veins of elytra and markings on 
abdomen; a central patch on last ventral segment of female, a basal 
spot on pygofer both males and females dark; on abdomen the markings 
consist of series of basal dots and with marginal dashes next to spiracles. 

Length: Females, 3 mm.; males, 2 mm. 


Described from numerous specimens from Brownsville and 
San Antonio, Texas. 

Holotype (female) and allotype (male) Brownsville, Texas, 
and paratypes, Brownsville, Corpus Christi and San Antonio, 
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Texas, collected by the writer. Specimens also from Welling- 
ton, Kansas, collected by W. H. Larrimer, and Clay Co., 
Kansas (J. H. Schaffner). (Type No. in National Museum 
43181). 


Genus Athysanella Baker. 

Psyche, Vol. VIII, p. 185, (1898). 
Aconura Leth., Horvath, Ann. Mus. Nat. Hung. VI, p. 567, 1908. 
Nephotettix, Mats., Van D., Catalog Hemip., p. 653, 1917, (in part). 

The species of this genus have a superficial resemblance to 
species of Euscelis, Lonatura, and Doratura, and as restricted 
will include besides the type species, magdalena, several other 
forms occurring in the plains regions east of the Rocky Moun- 
tains 


Head wider than pronotum; vertex somewhat produced, obtusely 
angulate, rounded to the front, somewhat depressed on the vertex, and 
usually with two large and one small black spot, both macropterous 
and brachypterous forms, and the hind tibiz in the males bear a strong 
spine at tip usually about half as long as first tarsal segment; the male 
plates are variable in length and form styles strong; the pygofer truncate 
or rounded behind, without teeth or processes at the lower angle. 


KEy TO SPECIES OF ATHYSANELLA. 


1. Vertex longer than pronotum, obtusely angulate....................00000. 2 

Vertex not longer than pronotum, broadly angulate..................0005. 9 

2. Female segment convex or produced, long at middle...................... 3 

Female segment emarginate or short at middle..................00000eue 6 

3. Male plates triangular. . sts dn nie et REN Maths «laws vs es Ra ln ee ee 4 

Male plates obliquely truncate or queer .........terebrans G. & B. 

4.. Male styles long capitate...... : aa Seane 5 Sea 6 ... attenuata Baker 

Male styles slender at tip...............0.0.0e000: Ri Peg ayy gh yg 5 

5. Male pygofer rounded, plates longer than wide... ck amine te 

Male pygofer truncate, plates wider than long... : i ....extrusa 

6. Female segment not deeply sinuate. an ee utahna n. sp. 

Female segment deeply emarginate or Sl RAE A eg se L e 

7. Female segment cut half way to base, male plate triangular .. .yumana n. sp. 

Female segment cut to base...... 0 a birlhnothip tee eRe ke 8 

8. Smaller, female 3 mm., male 2.25 mm. ;.,.......:..0. 06.60% ogee. gardenia Nn. sp. 

Larger, female 4.5 mm, male 3 mm........ sesseeeeess+- Curtipennis G. & B. 

9. Female segment produced at middle... has ie ak ee Seka dak add ee are cated 10 

Female segment emarginate or deeply sinuate at middle. Cae aioe eee ll 

10. Male plates long, female segment with long central lobe... ..magdalena Bak. 
Male plates short, half as long as pygoter; female segment short, mid-lobe 

BUEN ics cece Ba: 5:3 a mcens cng deeiks > lle s< see aceon aed montana n. sp. 


11. Female segment emarginate half way to base, ‘male plate short. .robusta Bak. 
Female segment cut to near base (Tex.)........0.2:00e0eeee: excavata n. sp. 
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Athysanella robusta Baker. 
(Plate V, Fig. 22.) 
Athysanella robusta Baker, Psyche, Vol. VIII, p. 189, 1898. 
Aconura robusta. Van Duzee, Catalog. Hemip., p. 653, 1917. 
Aconura robusta, Lawson, Kansas Sci. Bull., XII. p. 164, 1920. 

Head large, wider than pronotum; vertex short, scarcely longer than 
pronotum. Pronotum slightly concave; elytra truncate; male tibial 
spur short (Text Fig. le and m?); abdomen tapering; ovipositor extend- 
ing about one-fourth its length, beyond the pygofer; last ventral seg- 
ment long, deeply excavated, median lobe about half as long as lateral; 
male pygofer rounded, sub-angulate on posterior border; valve distinctly 
angular; plates short, about half as long as pygofer, divergent, hind 
border rounded; styles elongate, with two long widely separated spurs, 
curved at the tips; aedeagus narrow, sharply angled. 
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Text Fic. I. Tibial Spurs. 
a, texanus; 6, magdalena; c, terebrans; d, yumana; e, robusta; f, extrusa; 
g, gardenia; h, abbreviata; i, emarginata; j, sinuata; k, nacazarana; 
1, viridia; m, A. robusta var. (?); m, argenteola. 





Color: Pale, gray, vertex with two shiny black spots near the eyes, 
and brown spots at apex and on the disc, frontal ares distinct, sutures 
blackish, pronotum with three pairs of black dots near the front border; 
elytra hyaline, cells somewhat infuscate, veins whitish; abdominal 
dots merging into stripes, a fuscous stripe on the side of the pygofer of 
the female; tip of ovipositor, brown. 

Length: Female, 3.75 mm.; male, 3 mm. 


Redescribed from male and female specimens, collected at 
Ames, Iowa. The species was described from Colorado and 
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has been reported from Kansas, and I have specimens from 
various points in Colorado, and the DeLong collection includes 
one from Carns, Nebraska, collected by W. D. Pierce. 


Athysanella montana n. sp. 
(Plate V, Fig. 23.) 


Head broad, scarcely as wide as prontum, vertex wider than long, 
as long as pronotum, sub-angulate, front convex. Pronotum slightly 
concave. Elytra hyaline, macropterous female with venation of typical 
form with an accessory cell on each elytrom, but in different positions, 
and three or four cross veins at base of outer anteapical. Ovipositor 
about one-fifth longer than pygofer; last ventral segment short, broadly 
sinuate, middle lobe longest, polished black. Male pygofer short, but 
with a curved upturned extension posteriorly; valve rather narrow, 
long, obtusely angulate; plates short, half as long as extended pygofer, 
apex upturned, acute; styles short, tips exposed behind plates. 

Color: Dull gray, with fuscous marking; vertex with a series of 
basal spots, a small black dot at apex; frontal arcs broken into dots, a 
double stripe near the apex; pronotum with a pair of dots near the 
middle in front, a series of fuscous patches across the disc, a central 
spot and triangles at base; the macropterous form with narrow fuscous 
edgings on the whitish veins. Male elytra unmarked; abdomen with 
the usual series of dots; beneath, pectus and venter on disc, blackish; 
legs pale with fuscous lines. 

Length: Female, 3.5 mm.; male, 2.5 mm. 


Descfibed from one female, macropterous (National Museum 
No. 43182), one male, brachypterous, collected at Havre, Mont. 
by W. H. Larrimer. This species differs decidedly from 
robusta in the extended upturned tip of pygofer as well as in 
other details. 


Athysanella magdalena Baker. 
(Plate III, Fig. 11.) 
Athysanella magdalena, Baker Psyche, Vol. 8, p. 185, 1898. 
Aconura magdalena Van Duzee, Catalog Hemip., p. 653, 1917. 

Rather small, head wider than pronotum, angulate; vertex about 
as long as width between eyes, convex, somewhat depressed posteriorly, 
roundingly angulate to front; front thick, slightly flattened. Pronotum 
as long as vertex; scutellum rather large; Elytra macropterous with 
two anteapical aréoles, three oblique veins in costal areole, next the 
outer anteapical. Male tibial spur short, straight, (Text Fig. 10). 

Genitalia: Female ovipositor extended about one-third its length 
beyond pygofer; last ventral segment deeply sinuate, central lobe pro- 
duced and bordered with black; male, valve short, rounded behind; 
plates elongate, divergent, inner border strongly curved, outer border 
nearly straight; pygofer of hind border truncate, excavated dorsally 
about one-half its length; internal genitalia; styles divergent, acutely 
pointed. 
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The type specimens of Athysanella magdalena were from 
Magdalena Mts., N. Mex., and Ft. Collins, Colo. Specimens 
collected by the writer at Pueblo, Colo., 1910, agree with type 
material and Baker’s description. 


Athysanella attenuata Baker. 
(Plate II, Fig. 5.) 


Athysanella attenuata Baker, Psyche, Vol. 8, pp. 188. 
Aconura attenuata Van Duzee, Catalog, Hemiptera, p. 653, 1917. 


Head wider than pronotum, obtusely angular; vertex about as 
long as width between the eyes, rounded to front, depressed to behind 
the middle, and with a small depressed area near the tip; front narrowed 
below; clypeus longer than width, tapering slightly to truncate apex. 
Pronotum about two-thirds as long as vertex; scutellum wider than 
long. Elytra, brachypterous form, truncate behind, reaching on to 
second abdominal segment. 

Genitalia: Female last ventral segment long, nearly twice as long 
as preceding, produced at middle. Male valve obtusely angular; 
plates short, broad, obliquely truncate behind, not reaching tip of 
pygofer; pygofer broad, obliquely rounded behind; styles reaching tip 
of plates, strongly bidentate; aedeagus large, expanded toward tip, 
with a strong ventral furrow. 

Color: Light gray; vertex and pronotum with small brown or 
fuscous dots; elytra with dark stripes between the veins; abdomen 
dotted and lined with fuscous, a quite definite line below the spiracles; 
disk of last ventral segment in the female and valve of male, fuscous. 

Length: Female, 3.5 to 4 mm.; male, 3 mm. 


Described from Colorado. Numerous specimens collected 
by the writer at Pueblo, Colorado, April, 1910. 


Athysanella gardenia n. sp. 
(Plate II, Fig. 10.) 


Robust, rather short, head scarcely wider than pronotum, vertex 
wider than long, longer than pronotum, sub-angulate. Pronotum 
slightly sinuate. Elytra obliquely truncate. Male tibial spur curved 
at tip, (Text Fig. 1g). Ovipositor rather short, extending about one- 
fifth its length beyond the pygofer; last ventral segment very deeply 
excavate, lateral lobes and tip of median lobe only, showing. Male 
pygofer broad, hind border sinuate; valve long, narrow, sharply angular; 
plates broad, widely separate, quadrate, about half as long as pygofer; 
styles exposed, widened at the middle, extended into divergent curved 
tips; aedeagus abruptly curved, furrowed, margins faintly serrate 
(Fig. 42, a and b). 

Color: Ashy gray; vertex with two conspicuous blackish spots 
between ocelli, a small round black spot at tip, with a minute dot each 
side, a faint fuscous triangle near the tip, a fuscous patch on the disc, 
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and a black dot near the base. The front with diminishing fuscous 
arcs, a double wedge-shaped spot toward the apex; pronotum with six 
dots near the margin; elytra ashy sub-hyaline, veins paler; abdomen 
with usual series of dots, apex of sixth segment black, disc of venter 
dusky, base of valve, style and aedeagus black; tip of ovipositor, reddish 
brown. 

Length: Female, 3 mm.; male, 2.25 mm. 


Described from a series of specimens collected by the author 
in the Garden of the Gods, Colorado, April, 1910. These are 
similar in size to occidentalis but differ in genitalia, and the 
males have a distinct tibial spur. National Museum Type No. 
43183. 


Athysanella curtipennis (G. & B.) 


A thysanus curtipennis Gillette and Baker, Hemip. Colo., p. 92. 
Ne photettix curtipennis, Van Duzee, Catalog Hemip., p. 653, 1895. 

Varied with fuscous and light yellow; vertex with two prominent 
black spots, the elytra with fuscous stripes; abdomen rather strongly 
marked with fuscous; Head broader than prothorax; vertex bluntly 
rounded, a little more than one-half as long at middle as width between 
the eyes, one-fourth longer at middle than next the eye, rounded to 
front; front broad, narrowed uniformly to apex; clypeus, narrow toward 
tip, longer than width; lore broad, not touching margin of cheek; margins 
of cheek slightly sinuate; pronotum short, scarcely as long as vertex; 
scutellum small, triangular; elytra short, extending to second abdominal 
segment; ovipositor long, extending one-third its length beyond tip of 
pygofer; last ventral segment, female, deeply excavate, lateral angles 
extended; male, valve large, rounded behind; plates broad, obliquely 
truncate at tip, outer angle rounded; pygofer elongate at lower margin, 
extended into slender curved spine; styles elongate and distinctly 
hooked at tip with a broad spur near the base. Aedeagus upturned, 
broad and furrowed, outer margins minutely dentate. 

Color: Dull gray, the vertex with rounded black spots and triangular 
brown patches near occiput; pronotum with about six black dots behind 
the anterior margin; the elytra with six or seven fuscous stripes in the 
areoles; abdomen with a double median stripe, a lateral stripe inter- 
rupted by spots midway to pleura, and a pleural series of triangular 
spots. Face, light yellowish, the front with broken fuscous or brownish 
bars; beneath light yellowish with series of brownish spots on the 
abdomen and lateral stripes on the pygofer. 


) 


Length: Female, 4.5 mm.; male, 3 mm. 


Redescribed from Colorado specimens. Numerous speci- 
mens referred here have been examined from various sources 
including records for ‘‘Colo’’., ‘‘La Salle, Col.’ ‘‘ Dutch Gap,”’ 
etc. 
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Athysanella terebrans (G. & B.) 
(Plate II, Fig. 6.) 
Exutettix terebrans Gillette and Baker, Hemip. Colo., p. 102. 
A thysanella incongrua Baker, Psyche, Vol. VIII, p. 188, (1898). 


Aconura incongrua Van Duzee, Catalog, Hemip., p. 653, (1917). 
Ne photettix terebrans, Van Duzee, Catalog. Hemip., p. 653, (1917). 


Large, robust, head wider than pronotum, vertex longer than 
pronotum, wider than long, scarcely depressed on the disc, very obtusely 
angulate; pronotum short. Elytra nearly truncate, reaching base of 
third segment. Tibial spur of male slender, (Text Fig. 1c). Female, 
ovipositor long, reaching one-third its length beyond the pygofer; last 
ventral segment sinuate; middle lobe nearly as long as lateral, black 
margined; Male pygofer rounded, broad; valve long, distinctly angled; 
plates broad, divergent, truncate at apex; styles very large with a sharp 
lateral tooth; aedeagus much inflated, furrowed behind, the margins 
minutely serrate, apex recurved and sharp, (See Fig. 34). 

Color: Pale gray; vertex with a prominent black lunate spot over 
ocelli, a small round black point at apex, faint brownish spots and a 
transverse broken bar, two minute dots at hind border; front with short 
fuscous arcs, an expanded double stripe on the middle; pronotum with 
three pairs of black dots; elytra ashy, sub-hyaline, veins a little lighter; 
claval suture black; abdomen with the usual arrangement of black 
dots, merging somewhat more into lines, disc of venter dark, and base 
of male valve, the styles and aedeagus, black. 

Length: Female, 5 mm.; male, 3 mm. 


Redescribed from specimens collected by the author at 
Pueblo, Colo., April, 1910. The males agree closely with the 
type specimen of imcongrua in the National Museum, and 
females associated with them answer exactly to the description 
of terebrans. The much enlarged style and aedeagus are easily 
seen without dissection as they extend beyond the pygofer. 


Athysanella extrusa n. sp. 
(Plate II, Fig. 8.) 


Similar to curtipennis, large, robust, head wider than pronotum, 
vertex a little longer than pronotum, pronotum slightly concave, 
elytra extending on to second abdominal segment, hyaline. Male 
tibia with short spur, (Text Fig. 1f). Female ovipositor long, extending 
about one-third its length beyond the pygofer, female segment very 
long, truncate, and longitudinally striate; male pygofer broad, truncate 
behind; valve very broad, obtusely angulate; plates very short, wide 
apart, divergent, outer margin sinuate; styles with a very long slender 
appendage, entirely exposed beyond the short plates; aedeagus widening 
toward tip, coarsely serrate at apex and with a short sharp tooth at 
inner tip, (See Fig. 35a and b). 
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Color: Dull gray or ashy, vertex with two large black spots between 
ocelli, and a black spot at tip extending down to the front, which has 
a series of conspicuous fuscous ares. Sutures black; pronotum with 
faint clusters of dots, more marked in the male. Elytra hyaline, 
abdomen with a series of dots in the female, which merge into black 
stripes on the male, the median and intermediate ones including white 
dots. Disc of venter, middle of female segment, most of the male 
valve, style, and aedeagus, black. 

Length: Female, 5 mm.; male, 3 mm. 


Described from a series of ‘thirteen specimens, five females 
and eight males, type and paratypes, from Springer, N. M., 
collected by C. M. Ainslee. National Museum Type No. 43184. 
This agrees in many respects with curtipennis but the female 
segment and male genitalia both appear very distinct. 


Athysanella yumana n. sp. 
(Plate II, Fig. 9.) 


Robust, head broader than pronotum; vertex wider than long, 
distinctly longer than pronotum. Pronotum short, angularly emarg- 
inate behind; scutellum minute. Elytra reaching on to second abdom- 
inal segment, slightly convex on hind border. Male with a short 
tibial spur, (Text Fig. 1d). Female, ovipositor long, extending one- 
third its length beyond the pygofer, last ventral segment broadly 
excavate, the median lobe little more than half as long as the lateral 
lobes. Pygofer sparsely bristled. Male, pygofer rounded behind; 
plates elongate triangular, divergent, apex bluntly rounded; valve 
short, styles broadly bifid, the outer lobe slightly curved; aedeagus 
expanding dorsally, minutely serrate on hind border, tip slightly notched. 

Color: Pale gray, or ashy, vertex with a black point at tip, and one 
over each ocellus, a faint sutural line on the elytra, the abdominal 
series of black points, those near the middle and at margin more distinct. 
A few median spots on the venter, the middle of the female segment, 
base of male valve, blackish. 

Length: Female, 4 mm.; male, 2.75 mm. 


Described from numerous specimens collected by the author 
at Yuma, Arizona, February, 1910. This species resembles 
curtipennis but the genital structures of both sexes differ in 
important details. Types in author’s collection and National 
Museum. (Type No. 43185.) 


Athysanella excavata n. sp. 
(Plate V, Fig. 25.) 
Robust, head slightly wider than pronotum, vertex short, wider 
than long, scarcely longer than pronotum. Elytra extending on to 
second abdominal segment. Ovipositor long, extending one-third its 
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length beyond the pygofer; last segment deeply excavate, leaving a 
triangular lateral lobe and barely showing a central lobe at base. 
Color: Dull gray, markings indistinct, a faint cloud on the vertex; 
elytra hyaline, veins obscure; abdomen with minute dots in a series at 
base of segments; ovipositor tipped with brown; venter dark on the 
disc. 
Length: Female, 4.5 mm. 


Described from four specimens, two collected at Brownsville, 
Texas, one at Corpus Christi, and one at San Antonio, Texas, 
by the writer. National Museum Type No. 43186. These 
resemble curtipennis in the female segment but have no trace of 
the black spots and can hardly be referred to that species with 
certainty. 


Athysanella utahna n. sp. 
(Plate ITI, Fig. 12.) 


Pale gray, or distinctly yellowish, variable with, in some cases 
very faint traces of dots; length, female 4.5 mm.; male, 2.5 mm. 

Head, scarcely wider than pronotum, vertex long, slightly depressed 
behind, the middle obtusely angulate, twice as long at middle as next 
the eye, rounded to front; front broad, narrowing abruptly to clypeus; 
clypeus narrowing to tip; lore rather narrow and short; margins of 
cheek faintly sinuate under the eye, otherwise nearly straight; margin, 
pronotum short, about three-fourths as long as vertex; hind margin 
sinuate; scutellum small, elytra obliquely truncate, transparent, the 
veins very indistinct, faintly punctured; tibial spur over half as long 
as first tarsal segment; ovipositor nearly one-half longer than pygofer; 
last ventral segment rather long, truncate or very slightly emarginate, 
lateral angles nearly acute; male, valve broad, hind border rounded or 
slightly produced medially; plates broad at base, narrowing toward 
the tip, divergent, outer margin concave, pygofer broad, short, hind 
margin rounded; styles, divergent, sharply curved toward tips, aedeagus 
broad, furrowed, faintly dentate, with a strong dorsal tooth. (Fig. 
$1, a and b). 

Color: Varying from pale gray to rather bright greenish-yellow; 
in the male there are fairly distinct frontal arcs, otherwise markings are 
very faint or absent. 


Described from a series of specimens from Dr. E. D. Ball, 
collected at Richfield, Utah, Aug. 24, Sept. 3, 1915, Sept. 6, 
1915, Ephriam, July 20, Monroe, July 25, 1906, also Wray, Col., 
July 13, 1899, Grand Junc. Colo. July 27, 1900, Aug. 7, 1906. 
Types in collections of E. D. Ball, the author, and U. S. National 
Museum. (Type No. 43187). 
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Genus Gladionura n. g. 


Slender, vertex usually longer than wide, distinctly angular, female 
ovipositor long, the male pygofer oblique and terminating in an acute 
tip, recurved hook or long process more or less curved at tip. Plates 
long often exceeding the pygofer, styles blunt or with blunt process, 
aedeagus upturned not or scarcely furrowed on the hind border but 
with a distinct emargination on inner part of apex. (See Fig. 44-46). 
Males with a long spine at tip of tibia often as long as first tarsal joint. 
Type species argenteola, Uhl. 


KEY TO THE SPECIES OF GLADIONURA. 


1. Male pygofer short, sloping, ending in acute tip or blunt spur......... 2 
Male pygofer narrowing and extended into a long process often curved 
CN IN 5's 0 Das 6 emcee re ea ew nh era ck kuR tvs le ee ee 6 
2. Male pygofer with a blunt upturned recurved spur at tip.. recurvata n. sp. 
Male pygofer with acute tip or short apical spur..................... 3 
3. Female segment not een, convex and sinuate, male py gofer with 
GME 5 vane Resa copay nvatd<s aden sees wen ........Sinuata n. sp. 
Female segment emarginate on ‘hind border, male py gofe r acute. 4 
4. Female ovipositor short, scarcely exceeding pygofer _ .abbreviata n. sp. 
Female ovipositor considerably longer than pygofer jen sae ct 5 
5. Male plates long, not or slightly dive TEE nt,4mm...... _.emarginata 1 n. sp. 
Male plates short, divergent. Small, 2-3 mm... soy siele a « SIR. OD. 


6. Vertex long, rather sharply angular, female segment emarginate, 
argenteola Uhl. 


Vertex shorter, bluntly angled.......... , ey ee 7 
7. Larger, 4 mm., Grass green........ Lonel ; ....Viridia n. sp. 
Smaller, pale gray or whitish. . et i cg a ala a eet ofthat ne eo 8 
8. Male py ‘gofer with very long slender exte nsion See, ek .. .extensa n. sp. 
Male pygofer with produced sharp tip not elongate.......... nacazarana n. sp. 


Gladionura recurvata n. sp. 
(Plate IV, Fig. 17.) 


Similar to argenteola, but with produced female segment, short 
male pygofer, and slender style. Head slightly wider than pronotum, 
vertex as long as broad, nearly half longer than pronotum, distinctly 
depressed behind the middle, and with a shallow depression near the 
apex. Pronotum sinuate, elytra extending to base of third segment. 
Tibiz of the male with a short spine. Female (?) ovipositor long, 
extending more than one-third its length beyond the pygofer; last 
ventral segment produced medially, lateral angles scarcely visible: 
male pygofer long, tapering to near tip, apex strongly bent, recurved; 
valve long, angulate; plates broad, outer margins sinuate; style with a 
rather thick elongate process directed backward, aedeagus broad, inner 
tip emarginate, (Fig. 38). 

Color: Pale gray, markings very faint, elytra milky hyaline, disc 
of venter dusky. 


Described from one specimen, male, (holotype) collected at 
Yuma, Arizona, by the writer, Feb. 1910. The female associated 
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with this specimen with some doubt has the segment as 
described, and the markings of the vertex somewhat more 
distinct. It is possible that it belongs to a different. species. 


Gladionura aridicola n. sp. 
(Plate IV, Fig. 18.) 


Head as wide as pronotum, angulate; vertex scarcely as long as 
width between eyes, longer than pronotum; pronotum short, slightly 
concave behind; elytra, micropterous form, short, reaching second 
abdominal segment, truncate. Female last ventral segment nearly 
twice as long as preceding, truncate; ovipositor short scarcely one- 
fourth longer than pygofer. Male valve obtusely angular; plates 
broad outer margin sinuate; pygofer obliquely truncate, with a cluster 
of spines dorsally; style with sharp dorsal tooth; aedagus curved, 
outer border sinuate, faintly serrate. (Fig. 39.) 

Color: Ashy gray with dots of fuscous in series on base of abdominal 
segments and a dark band at base of pygofer and a central dark patch 
on female segment. 

Length: Female, 3.5 mm.; male, 2.5 mm. 


Described from one female (holotype) Yuma, Ariz. (H. O.) 
one female (paratype) Tucson, Ariz. and two males (allotype 
and paratype) Yuma, Ariz. The males placed here cannot be 
connected with the females with absolute certainty but agree 
so closely that it seems best to associate them. 

In the key this would fall near recurvata. 


Gladionura sinuata n. sp. 
(Plate III, Fig. 13.) 


Small, size of argenteola, slender, head wider than pronotum, vertex 
a little longer than wide, more than half longer than pronotum, faintly 
depressed. Elytra extending half way on second segment. Female 
ovipositor more than one-third longer than pygofer; last ventral segment 
produced, nearly twice as long as preceding, hind border sinuate, the 
middle lobe longest; male pygofer short, with a blunt spur at the hind 
angle; valve sub-angulate; plates large, extending beyond the pygofer, 
apex acute; style broad toward the tip, slightly emarginate on outer 
margin, aedeagus broad, tip rather slender, deeply emarginate on 
inner border, (Fig. 43). 

Color: Dull gray, with very faint marks, ocelli blackish elytra 
hyaline; abdomen with minute dots in basal series, disc of venter 
blackish; female segment bordered with black. 

Length: Female, 3.5 mm.; male, 2.5 mm. 


Described from a long series, collected by the writer in the 
Garden of the Gods, Colo., April, 1910. 
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Gladionura abbreviata n. sp. 
(Plate V, Fig. 27.) 


Head wide, wider than pronotum, vertex broad, somewhat depressed, 
longer than pronotum, bluntly angulate to front. Pronotum rather 
deeply concave; scutellum minute, Elytra truncate. Female ovipositor 
short, barely passing the pygofer, last ventral segment emarginate, 
hind border sinuate; male pygofer short, apex acute, not produced; 
valve short, angulate; plates long, tips acuminate, extending beyond 
the tip of pygofer; styles shorter than plates, ending abruptly in a 
flattened knob; aedeagus short nearly straight, not inflated, the tip 
emarginate on the inner face, (Fig. 45). Tibia of male with a long 
spur curved at base and a little upturned at tip, (Text Fig. 1h). 

Color: Pale gray, some of the specimens suffused with greenish, 
vertex with markings obsolete, or faintly indicated; frontal arcs very 
faint; elytra hyaline, veins very indistinct, in one specimen a row of 
dots on the hind border; abdomen with minute dots; beneath, pectus 
and venter blackish. 

Length: Female, 3.25 mm.; male, 3 mm. 


Described from four specimens, one female (type) and three 
males (allotype and paratypes), Capa, S. Dak., Aug. 12, 1922, 
H. C. Severin. (U. S. National Museum Type No. 43188.) 
This species is unusual in the group on account of the very short 
ovipositor, possibly an abnormal case as only one specimen 
was in hand. The male genitalia, however, are quite distinct 
from those of any other species, although falling in the argenteola 
group. 


Gladionura emarginata n. sp. 
(Plate IV, Fig. 19.) 


Resembling argenteola but larger, the female segment obliquely 
excavate, male pygofer shorter. Head wider than pronotum; vertex 
as long as broad, nearly half longer than pronotum, distinctly angulate. 
Pronotum short, distinctly concave. Elytra, (brachypterous) reaching 
second abdominal segment, macropterous female, reaching to tip of 
pygofer. Male tibial spur thick at base, long, (Text Fig. 7). Female 
ovipositor long, extending one-third its length beyond the pygofer; 
last ventral segment deeply emarginate, the lateral angles incurved, 
the hind border sinuate, scarcely visible beyond the preceding segment, 
except at center where there is a short lobe. Male, pygofer sloping, 
rather short, the apex bluntly toothed; the valve short, slightly angulate; 
plates very broad, extending up onto the pygofer, tip acute, meeting 
on the inner border near the tip; style very broad, with two prominent 
lobes, reaching about to tip of plate. Aedeagus broad, with a broad 
emargination on inner tip, (Fig. 37). 

Color: Dull gray or ashy, the markings very faint, nearly obsolete 
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on vertex and pronotum; elytra sub-hyaline; the veins narrowly milky; 
abdomen with usual dots merging into stripes in the male. 
Length: Female, 4.5 mm.; male, 3 mm. 


Described from a number of specimens (type and para- 
types) collected at Corpus Christi and San Antonio, Texas, 
by the writer, Feb. 1910. National Museum Type No. 43189. 
Quite a number of specimens, particularly those from San 
Antonio, are long winged for the females and show a typical 
venation. Fresh specimens have a brilliant metallic green- 
gold color which disappears soon after they are killed. 


Gladionura frigida n. sp. 


Light gray, faintly marked, tinged with brownish; length female, 
3 mm.; male, 2.25 mm. 

Head wider than pronotum; the vertex sub-angulate, depressed 
behind the middle, one-third longer at middle than next the eye; front 
broad; clypeus distinctly narrowing toward tip; lore elongate, cheeks 
slightly sinuate; pronotum, strongly arched, scarcely as long as vertex, 
distinctly concave behind; scutellum short, wider than long; elytra 
obliquely truncate, reaching apex of the second abdominal segment; 
ovipositor about one-fourth longer than pygofer; female, last ventral 
segment, broadly excavated behind; lateral angles rounded; male 
pygofer short, produced below but not spined; valve short, produced 
at center to a sharp angle; plates broad, short, divergent; claspers 
broad with a strong outer spur, aedeagus strongly upturned and polished, 
expanding dorsally. 

Color: Pale gray, somewhat tinged with brown; vertex and pro- 
notum with faint, minute brownish dots; abdomen with a series of 
dots at base of each segment; the front with distinct brownish or fuscous 
arcs. Five specimens, 3 female and 2 male. 


N. Colo. 5-18, and 4-2 ’98. Holotype, allotype and para- 
types. Collection of E. D. Ball. (Paratypes in Osborn Col- 
lection and National Museum, No. 43190.) 


Gladionura argenteola (Uhler). 
(Plate III, Fig. 14.) 
Deltocephalus argenteolus Uhler, Bull. U. S. Geol. & Geog. Surv. III, p. 473, 1877. 
Aconura argenteola, Van Duzee, Catalog Hemipt., 653, 1917. 

Small, slender, head as wide as pronotum, produced angular, but 
rounded at tip, vertex slightly depressed on the disc, as long as wide, 
longer than pronotum; scutellum minute; elytra reaching to hind 
border of second abdominal segment. Tibia of male with a strong, 
curved spine. (Text Fig. 1m). Female segment broadly emarginate; 
hind border within the lateral lobes, straight or slightly convex, narrow, 
scarcely as long as preceding segment. Male, pygofer sloping, pro- 
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duced into a sharp spine slightly curved at tip; plates broad, divergent, 
slightly sinuate on the margin with acute angle at tip; style blunt, as 
long as plate; aedeagus rather long, slender, emarginate at inner part 
of tip, (Fig. 36). 

Light gray, or sometimes greenish white, fresh specimens with 
brilliant metallic luster, vertex with faint brown dot at tip, and brown 
ocelli, elytra tinged with greenish, abdomen with faint minute dots 
at base. The apex of sixth segment in female, tips of pygofer and style, 
and the tarsal claws blackish. 

Length: Female, 3 mm.; male, 2.5 mm. 


This species was described from Colorado and is common in 
western half of Kansas, being taken as far east as Ottawa 
County in the plains grasses. It has been taken in great 
numbers by the author and by Dr. Lawson and must be a 
heavy drain upon the forage value of the range grasses. 


Gladionura viridia n. sp. 
(Plate V, Fig. 26.) 

Resembling argenteola but larger, and retaining green color, and 
differing in genitalia. Head, scarcely wider than pronotum; vertex as 
long as wide, nearly half longer than pronotum, with a slight depression 
toward the tip; elytra reaching hind border of second abdominal seg- 
ment, sub-truncate behind; male tibial spine short, (Text Fig. 1/). 
Ovipositor long, extending one-third its length beyond the pygofer; 
last ventral segment of female emarginate, and with the border between 
the lateral angles rather distinctly sinuate and about half as long as 
lateral angles. Male pygofer elongate, narrowed from the middle, and 
extending into a long process sharply hooked at tip; valve triangular, 
about half as long as plates; plates large, broad, covering sides of pygofer, 
divergent, apex acute; styles flat, broadly expanded at tip into three 
broad lobes. Aedeagus rather short and broad, slightly curved, deeply 
emarginate on inner tip. (See Fig. 44). 

Color: Grass green, persisting in the dried specimens, with very 
minute dark dots. Vertex with a black dot each side at base; ccelli 
black; frontal arcs pale; elytra hyaline, suffused with green; abdomen 
with a series of fine dots at base; ovipositor tipped with brown; venter 
mostly green; border of the female segment, base of valve, style and 
aedeagus, black. 

Length: Female, 4 mm.; male, 3 mm. 


Described from a series of specimens, (types and paratypes), 
seven females, six males, collected at Montgomery County, 
Kansas, Aug. 3, 1923, (Beamer-Lawson) and kindly forwarded 
by Doctor Lawson. (National Museum Type No. 43191.) 
This belongs to the argenteola group but has a very distinct 
difference in the male styles and a somewhat different outline 
for the female segment. 
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Gladionura extensa n. sp. 
(Plate VII, Fig. 46.) 


Apparently nearly related to argenteola, but distinguished by the 
enormously elongated pygofer which forms a strong hook. Head 
broad; vertex short, a little longer than pronotum, scarcely angular, 
faintly depressed near the base, but not at tip, polished; pronotum 
concave. Elytra reaching to tip of second abdominal segment. Male 
pygofer broad at base, narrowing abruptly beyond the middle, and 
extended into a very long process, curved at the tip; valve long, angular; 
plates elongate, rather narrow, tips bluntly angular; styles much swollen 
toward the tip, incurved; aedeagus thin, curved, emarginate on inner 
tip. (Fig. 46). 

Color: Light gray, with very distinct fuscous markings, the vertex 
with two large round black dots, a small dot at apex, and an interrupted 
transverse band with two minute oblique bands at base. Pronotum 
with three pairs of dots anteriorly, and three short stripes posteriorly, 
the middle one continued on the scutellum. Elytra with distinct 
fuscous stripes in the cells. Abdomen with the usual dots and stripes 
well-marked; beneath darker; the face with short arcs and an inter- 
rupted double stripe on the middle, a large dot just outside the lore, 
and the sutures black. 


Described from one specimen, male (type) Delphos, Kansas, 
collected by the writer, April, 1910. Possibly the females are 
not easily distinguished from argenteola. 


Gladionura nacazarana n. sp. 
(Plate III, Fig. 15.) 


Similar to argenteola but slightly larger with shorter vertex and with 
quite different genitalia; head wider than pronotum; vertex as long as 
wide, one-fourth longer than pronotum; pronotum sinuate; elytra 
short, reaching on to second segment, convex behind. Male tibia 
with a long slender spur, (Text Fig. 1g). Female, ovipositor long one- 
third longer than pygofer, last segment emarginate, the middle section 
not produced: Male pygofer short, sloping, tip produced into a sharp 
point; valve long, angled behind; plates large, outer angle acute; styles 
rather slender, obtusely pointed; aedeagus short. 

Color: Pale gray, suffused with yellowish in the female, pinkish 
in the male; vertex with faint brown dots over ocelli; abdomen with 
minute blackish dots in the usual series, mostly obsolete in the male; 
disc of venter, base of male valve, tips of pygofer, styles and aedeagus, 
black. 

Length: Female, 3.75 mm.; male, 2.75 mm. 


Described from two specimens, holotype (female) and allo- 
type (male) in Osborn collection, collected at Nacazara, Mexico, 
July 25, 1907, by J. S. Hine. The difference in color is, I 
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believe, simply a variation as in all other respects these two 
specimens collected at the same time appear to agree perfectly 
in structure. 
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Fig. 


Fig. 
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Fig. 
Fig. 
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EXPLANATION OF FIGURES IN THE PLATES. 


PLATE I, 


Amphipyga acuticauda: la, nymph; 1b, brachypterous female; lc, vertex 
and pronotum; ld, female; le, male genitalia, lateral view; If, ventral 
view; lg, another lateral view; 1h, elytra macropterous, female. 

Amphipyga occidentalis: dorsal view macropterous female: 2a, face; 
2b, vertex and pronotum; 2c, female; 2d, male lateral; 2e, vental view 
genitalia; 2f, elytron. : 

Amphipyga balli, vertex and pronotum: b, female; c, male lateral; d, 
ventral view genitalia. 

Amphipyga aridella: a, vertex and pronotum; 4), female; c, male lateral; 
d, ventral view. 

PiaTE II. 

Athysanella attenuata: a, vertex and pronotum; b, female; c, male lateral; 
d, ventral genitalia. 

Athysanella terebrans: a, vertex and pronotum; b, female; c, male lateral; 
d, ventral view genitalia. 

Amphipyga stylata: a, vertex and pronotum; b, female; c, male lateral; 
d, ventral view, genitalia. 

Athysanella extrusa: a, vertex and pronotum; b, female; c, male lateral; 
d, ventral view, genitalia. 

Athysanella yumana: a, vertex and pronotum; b, female; c, male lateral; 
d, ventral view, genitalia. 

Athysanella gardenia: a, vertex and pronotum; b, female; c, male lateral; 
d, ventral view, genitalia. 


Piate III. 

Athysanella magdalena: a, face; b, vertex and pronotum; c, female; d, 
lateral; e, ventral view genitalia; f, female elytra; macropterous female. 

Athysanella utahna: a, vertex and pronotum; b, female; c, male lateral; 
d, ventral view, genitalia. 

Gladionura sinuata: a, vertex and pronotum; b, female; c, male lateral; 
d, ventral view, genitalia. 

Gladionura argenteola: a, vertex and pronotum; b, female; c, male lateral; 
d, ventral view, genitalia. 

Gladionura nacazarana: a, vertex and pronotum; b, female; c, male lateral; 
d, ventral view, genitalia. 


PLATE IV. 
Pectinopyga texana, head: a, female; b, male lateral view, genitalia. 


Gladionura recurvata, vertex and pronotum: a, female; }, lateral; c, 
ventral, genitalia. 


Gladionura aridicola, vertex and pronotum: a, female; }, lateral; c, ventral 
view male, genitalia. 
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Gladionura emarginata, vertex and pronotum: a, female; 0}, lateral; c, 
ventral view male, genitalia. 

Gillettiella labiata, vertex and pronotum: a, female; }, lateral; c, ventral 
view male, genitalia. 

Gillettiella atropuncta: a, dorsal view; b, vertex and pronotum; c, female; 
d, male lateral; e, ventral view, genitalia; f, elytron. 


PLATE V. 

Athysanella robusta: a9, vertex; b, female; c, lateral; d, ventral male, 
genitalia; eo’, vertex. 

Athysanella montana: a, vertex; b, female; c, male side view; d, male 
ventral view, genitalia. 

Amphipyga alta: a, vertex; b, female; c, male genitalia. 

Gladionura excavata: a, vertex; b, female genitalia. 

Gladionura viridia: a, head; b, female; c, lateral; d, ventral view male, 
genitalia. 

Gladionura abbreviata: a, female; b, lateral; c, ventral view male, genitalia. 


PLATE VI. 

Internal genitalia of males. 
Amphipyga acuticauda: a, lateral; b, dorsal view. 
Amphipyga balli: a, lateral; b, dorsal view. 
Amphipyga occidentalis: a, lateral; b, dorsal view. 
Amphipyga aridella: a, lateral; b, dorsal view. 
Athysanella attenuata: a, lateral; b, dorsal view. 
Amphipyga stylata: a, lateral; b, dorsal view. 
Athysanella terebrans: a, lateral; b, dorsal view. 
Athysanella extrusa: a, lateral; 6, dorsal view. 
Gladionura argenteola: a, lateral; b, dorsal view. 
Gladionura emarginata: a, lateral; b, dorsal view. 
Gladionura recurvata: a, lateral; b, dorsal view. 
Gladionura aridicola: a, lateral; b, dorsal view. 


PLATE VII. 

Internal genitalia of males. 
Athysanella yumana: a, lateral; b, dorsal view. 
Athysanella utahna: a, lateral; b, dorsal view. 
Athysanella gardenia: a, lateral; b, dorsal view. 
Gladionura sinuata: a, lateral; b, dorsal view. 
Gladionura viridia: a, lateral; b, dorsal view. 
Gladionura abbreviata: a, lateral; b, dorsal view. 
Gladionura extensa: a, lateral; b, dorsal view. 
Amphipyga alta: a, lateral; 6, dorsal view. 
Pectinapyga texana: a, lateral; b, dorsal view. 
Amphipyga stylata var. (?): a, lateral; b, dorsal view. 
Gillettiella labiata: a, lateral; b, dorsal view. 
Gillettiella atropuncta: a, lateral; b, dorsal view. 
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NEW SPECIES OF CRANE FLIES FROM SOUTH 
AMERICA. PART IV.*t 


(Family Tipulide, Order Diptera.) 


CHARLES P. ALEXANDER, 
Amherst, Massachusetts. 


The majority of the species discussed at this time were 
collected in Bolivia by Mr. Schade, and in Colombia by Messrs. 
George Salt and Fred W. Walker. Fewer specimens are from 
Brazil, collected by Messrs. Davis and Shannon and from 
British Guiana, collected by Miss Alice Mackie, kindly sent to 
me by Professor Cockerell, and by Dr. John G. Myers. A 
beautiful new species of Eriocera from Brazil was contained in 
the collections of the Deutsches Entomologisches Museum 
and sent to me for naming by Dr. Walther Horn. I wish to 
express my sincere thanks to all the above entomologists for 
this kindly co-operation. Where not stated to the contrary, 
the types of the novelties are preserved in my collection. 
Only a small part of the collections made by Mr. Walker on 
Mt. Santa Marta are discussed at this time, the remainder 
being reserved for consideration in a later article. This 
important collection is the property of the Museum of Zoology 
of the University of Michigan and was loaned to me for study 
through the kindness of Professor J. Speed Rogers. 


Limonia Meigen. 


Limonia (Limonia) splendidula sp. n. 

General coloration black, the body pruinose with gray and 
yellowish gray areas; halteres yellow, the knobs black; femora 
yellow, each with a conspicuous black subterminal ring; wings 
whitish hyaline, the prearcular, costal and subcostal regions 
yellow; a conspicuous dark brown reticulate pattern, dis- 
tributed chiefly in the radial and medial fields; m-cu nearly its 
own length before the fork of M. 


*Contribution from the Entomological Laboratory, Massachusetts Agri- 
cultural College. 


+The preceding part under this general title was published in these ANNALS 
in 1929 (XXII: 768-788). 


721 


722 Annals Entomological Society of America |Vol. XXIII, 


Female.—Length about 8 mm.; wing, 8 mm. 

Rostrum approximately one-half the length of the remainder of 
head, black, the palpi concolorous. Antennal scape brownish black; 
flagellum dark brown, the basal segments and incisures of the succeed- 
ing segments reddish brown; flagellar segments subglobular to short- 
oval, the outer segments more elongate; terminal segment subequal to 
the penultimate. Anterior vertex golden-gray, the posterior vertex more 
brownish gray; a brownish spot near center of the posterior vertex. 

Pronotum brownish black, with a grayish golden pollen. Meso- 
notal praescutum with the median region dark brown, the area broad- 
ened behind by fusion with the lateral stripes; humeral region brown 
with a heavy golden-gray pollen, the latter best developed as an oval 
area behind the pseudosutural fovez; scutal lobes extensively dark 
brown or black, the median area paler; scutellum and postnotum 
brownish black, the surface sparsely pruinose. Pleura black, the sur- 
face with a dense yellowish gray pollen, lacking on portions of the 
sternopleurite and anepisternum. Halteres yellow, the knobs black. 
Legs with the coxz and trochanters brownish black; femora yellow, 
with a conspicuous black subterminal ring; tibiz brownish yellow, the 
bases and tips blackened, the latter a little more broadly so; tarsi 
black. Wings whitish hyaline, the prearcular, costal and subcostal 
regions clearer yellow; a conspicuous dark brown pattern, arranged 
chiefly in the radial and medial fields, elsewhere appearing as narrow 
apical seams to the veins and in the axillary region; most of the areas 
are geminate, appearing as margins to pale centers that are of exactly 
the same color as the ground of the wing, the whole producing a 
reticulate appearance; veins brown, C, Sc, R and Cu more yellowish. 
Venation: Sc; ending about opposite midlength of Rs, Sc2 near its tip; 
R, and free tip of Sc. about in alignment; m-cu nearly its own length 
before the fork of M. 

Abdominal tergites brownish black; sternites more grayish pruinose, 
with a narrow blackish median stripe that is nearly continuous. Ovi- 
positor with the valves reddish horn-color; tergal valves relatively 
small, gently upcurved. 


HasitaT: Bolivia. Holotype, 9°, Santa Cruz, February, 
1929 (ex Fr. Schade). 

Limonia splendidula is allied to L. (L.) elegantula (Alex- 
ander) of Colombia, differing especially in the coloration of the 
wings and legs. 


Limonia (Limonia) sancte-marte sp. n. 


General coloration yellow; mesonotal praescutum with a 
broad dark brown median stripe; femora blackened at bases and 
just before tips; wings yellow with a restricted dark brown 
pattern; stigma and an extensive clouding in cell R; paler 
brown; Sc long; Rs angulated and spurred at origin; outer 
abdominal tergites bicolorous, the sternites yellow. 
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Female.—Length about 9 mm.; wing, 11 mm. 

Rostrum and palpi black. Antennz with the basal segment black, 
flagellar segments oval, pale brown, the verticils exceeding the segments. 
Head brownish black, the anterior vertex more grayish, reduced to a 
narrow strip. 

Pronotum dark brown medially, light yellow laterally. Mesonotal 
praescutum yellow with a broad dark brown median stripe that extends 
to the suture; scutum obscure brownish yellow, the mesal edge of each 
lobe dark brown; scutellum and postnotum dark brown, the surface 
weakly pruinose. Pleura, including the pleurotergite, uniformly pale 
yellow. Halteres pale yellow, the knobs weakly infuscated. Legs with 
the coxz and trochanters yellow; femora broadly blackened basally, 
thence paling to brownish yellow, at near apex again broadly blackened, 
preceded by a vague brighter yellow ring; extreme tips of femora and 
bases of tibiz whitened; remainder of tibize brown, the tips somewhat 
darker; tarsi black, the terminal segments broken. Wings yellow, 
clearer yellow in the costal region, with longitudinal pale streaks in 
cells R, M and Cu; a restricted dark brown pattern, appearing as 
narrow seams at origin of Rs, fork of Sc, cord, outer end of cell 1st Mo, 
fork of R; and as narrow seams back from the margin of all longitudinal 
veins; stigma paler brown, delimited at outer end by the dark seam at 
fork of Ri; cell Rs and caudal portion of R2 suffused with pale brown; 
veins pale yellow, dark brown in the infuscated areas. Venation: 

, Sc long, Sc; ending about opposite two-thirds the length of Rs, Sce 
at its tip; Rs long, angulated and weakly spurred at origin; inner end 
of cell R; lying considerably proximad of cell R;; inner end of cell /st Mz 
pointed; m-cu shortly before the fork of M. 

Abdominal tergites bicolorous, the bases yellow, the apices brown, 
the basal segments more uniformly darkened; sternites yellow. Ovi- 
positor with the tergal valves relatively small and slender, gently 
upcurved; sternal valves stout and straight, reddish horn-color, black- 
ened at base. 


HABITAT: Colombia. Holotype, 2, La Cumbre, Mt. Santa 
Marta, in open clearing, altitude 7,500 feet, August 8, 1926 
(F. W. Walker). Type to be preserved in the Museum of 
Zoology, University of Michigan. 

Limonia sancte-marte is very distinct from all described 
regional species. 


Limonia (Dicranomyia) boliviana sp. n. 
Allied to the Mexican L. (D.) filicauda (Alexander), differing 
especially in the details of structure of ‘the male hypopygium. 


Male.—Length about 7 mm.; wing, 7.2 mm. 
Rostrum and palpi black. Antennz with the scape obscure yellow, 
the flagellum black. Head light gray. 
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Pronotum yellow. Mesonotal praescutum brownish gray, with 
three darker brown stripes, the lateral pair less distinct; scutal lobes 
and scutellum dark, with a narrow pale median vitta; postnotum 
dark, sparsely pruinose. Pleura gray. Halteres very long and slender, 
as in the group, pale, the knobs infuscated. Legs with the coxe and 
trochanters yellow; femora yellowish brown, the tibiz and tarsi passing 
through dark brown to black. Wings suffused with brown, the oval 
stigma slightly darker brown; veins brown. Venation: Sc; ending 
opposite the origin of Rs, Sc, some distance from its tip, Sc, alone 
being about two-thirds Rs; m-cu close to fork of M, subequal to the 
distal section of C1. 

Abdomen dark brown, the basal sternites slightly paler. Male 
hypopygium with the caudal margin transverse or nearly so, with 
numerous setz, including two more powerful setz on either side of the 
median line close to the margin. Basistyle with very complex orn- 
amentation, as in filicauda, including a long pale fleshy lobe. Dorsal 
dististyle a very slender, nearly straight rod. Ventral dististyle with 
the rostral prolongation long and conspicuous, the two rostral spines 
subequal in length, closely appressed to the prolongation; a conspicuous 
hairy oval lobe at the axil of the prolongation. 


HABITAT: Bolivia. Holotype, #%, Santa Cruz, February, 
1929 (ex Fr. Schade). 

The much longer filiform lobes of the hypopygium in 
jfilicauda seem to be borne by the tergite rather than by the 


basistyle, as is the case in boliviana. 


Limonia (Geranomyia) bahiensis sp. n. 


Rostrum and antenne entirely black; mesonotal praescutum 
with three narrow brown stripes, the median one darker; knobs 
of halteres black; femora with the tips broadly yellow, enclosing 
a narrow dark brown subterminal ring; wings grayish yellow, 
with a sparse brown pattern; Sc, extending a short distance 
beyond origin of Rs; male hypopygium with caudal margin 
of the tergite very gently emarginate; rostral spines subequal 
in length, arising from slightly unequal basal tubercles, placed 
on the face of the rostral prolongation at base. 

Male.—Length (excluding rostrum) about 5.5 mm.; wing, 6.5 mm.; 
rostrum about 2.5 mm. 

Rostrum and palpi black. Antenne black throughout. Head 
yellowish gray with two narrow black lines on the vertex that enclose a 
narrower median area of the ground-color. 

Mesonotal praescutum obscure ochreous, with three narrow brown 
stripes, the median stripe darker brown, the lateral stripes more reddish 
brown, paler behind; lateral margins of praescutum likewise slightly 
darkened; scutum pale brown, the cephalic and mesal portions of each 
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lobe narrowly darker brown; scutellum and postnotum pale, vaguely 
marked with darker. Pleura obscure yellow, the anepisternum and 
dorsopleural region slightly darker. Halteres dark brown, the stem 
chiefly pale yellow. Legs obscure yellow, the fore coxz a trifle darkened; 
femora obscure brownish yellow, the tip broadly pale yellow, enclosing 
a narrow dark brown ring that is a little wider than the yellow apical 
portion beyond; tibiz obscure yellow, the tips narrowly brownish 
black; basitarsi obscure yellow, the outer tarsal segments dark brown. 
Wings grayish yellow, the costal region in cells C and Sc brighter yellow; 
a sparse brown pattern, arranged as follows: A subcostal series of 
three areas, the last a common spot that includes the tip of Sc and the 
origin of Rs; stigma small; conspicuous pale brown seams and clouds 
along cord, outer end of cell /st Mz and as marginal seams on the Anal 
veins; veins pale brown, Sc, R and Cu chiefly yellowish. Venation: 
A supernumerary crossvein in cell Sc at near midlength; Sc; ending 
shortly beyond origin of Rs, Sco at its tip; Rs weakly angulated at 
origin; m-cu shortly before the fork of M. 

Abdomen brown. Male hypopygium with the tergite transverse, 
the caudal margin only weakly emarginate, the low lateral lobes densely 
setiferous. Dorsal dististyle widest at near midlength, somewhat 
angularly bent, gradually narrowed to a long acute point. Ventral 
dististyle large and fleshy, the rostral prolongation long and slender, 
yellow, with the two rostral spines arising on the side at the base, 
subequal in length from slightly unequal basal tubercles. Gonapophyses 
with the mesal apical lobe entirely pale, long, slender, narrowed gradually 
to nearly acute points. 


HABITAT: Brazil. Holotype, &#, Bahia, stream-pool, March, 
1929 (Davis and Shannon). 

The present fly is allied to Neotropical species like L. (G.) 
inaequituberculata Alexander (Paraguay) and L. (G.) platensis 
Alexander (Argentina), differing from all known species in the 
details of structure of the male hypopygium. 


Limonia (Geranomyia) guianensis sp. n. 


General coloration of mesonotum reddish, with three narrow 
dark brown stripes, the interspaces more silvery; antennal 
flagellum yellowish brown; legs yellow, the femora with a vague 
dark subterminal ring; wings yellow, sparsely variegated with 
brown; Sc relatively short; cell /s¢ M, longer than any of the 
veins beyond it; male hypopygium with the ventral dististyle 
large and fleshy, the spines arising from the face of style at 
base of the prolongation; mesal apical lobe of gonapophysis 
darkened, spinous. 


Male.—Length (excluding rostrum) about 4 mm.; wing, 4.6 mm.; 
rostrum about 1.9 mm. 
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Rostrum relatively short, black, the tips of the labial palpi obscure 
yellow. Antennz with the scape black, the flagellum yellowish brown; 
basal flagellar segments short-oval, the outer ones more elongate. 
Head silvery gray, the posterior vertex with two conspicuous black 
areas that enclose a narrower linear strip of the ground-color; anterior 
vertex narrow, more yellowish white. 

Mesonotal praescutum reddish gray, with three narrow dark brown 
stripes, the interspaces more silvery gray; lateral margins of praescutum 
broadly but vaguely darkened; median region of scutum whitish, the 
lobes darkened, especially their mesal margin; scutellum weakly 
darkened, narrowly pale medially at base; postnotal mediotergite 
brownish testaceous with a capillary impressed median line. Pleura 
chiefly plumbeous, the dorsal pleural region and pteropleurite paler. 
Halteres yellow, the knobs weakly darkened. Legs with the coxe and 
trochanters yellow; femora obscure yellow with a vague diffuse darker 
subterminal ring that is wider than the pale apex; a narrow subobsolete 
yellow ring before the darkened annulus; tibiz and tarsi obscure yellow, 
the latter passing into dark brown at tips. Wings with a yellow ground- 
color, the prearcular and costal regions brighter yellow; a restricted 
dark pattern, including four subcostal areas, the first just beyond h, 
the second at the supernumerary crossvein, the third a common area at 
origin of Rs and fork of Sc, the last stigmal; wing-apex broadly but 
vaguely darkened; narrow paler seams along cord, outer end of cell 
1st Mz and along vein 2nd A; veins pale yellow, darker in the infuscated 
areas. Venation: Sc short, Sc; ending just beyond origin of Rs, Sce 
at its tip; Rs weakly angulated at origin; cell /st Mz longer than any of 
the veins beyond it; m-cu close to the fork of M. 

Abdomen brownish yellow, the segments more darkened basally; 
subterminal segments more uniformly infuscated; hypopygium chiefly 
brownish yellow. Male hypopygium with the ninth tergite transverse, 
the caudal margin with a conspicuous U-shaped median notch. Ventral 
dististyle very large and fleshy, exceeding twice the size of the basistyle 
and its lobe; rostral prolongation slender, the spines arising from the 
face of the style at its base; spines slightly unequal, arising from con- 
spicuous subequal basal tubercles. Dorsal dististyle a strongly curved 
sickle. Gonapophyses with the mesal apical lobe a relatively short 
dusky spine, narrowed to the acute tip. 


HaBitaT: British Guiana. Holotype, &#, Koriabo, Barima 
River, May 5, 1929 (J. G. Myers). 

Limonia (Geranomyia) guianensis is closest to L. (G.) 
scolopax (Alexander), differing in the diagnostic features listed 
above. 


Limonia (Geranomyia) marth sp. n. 


General coloration gray, the praescutum more brownish 
gray, with three narrow black lines; rostrum about as long as 
the combined head and thorax; femora paling to yellow at 
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tips, this area enclosing a broad dark brown subterminal ring; 
wings subhyaline, with a very restricted dark pattern; a super- 
numerary crossvein in cell Sc; Sc short, Sc, ending shortly 
beyond the origin of Rs; cell /st M, long; male hypopygium 
with the tergite deeply notched medially; ventral dististyle 
large and fleshy; rostral spines subequal but arising from very 
unequal basal tubercles. 


Male.—Length (excluding rostrum) about 6.5 mm.; wing, 7 mm.; 
rostrum about 2.5 mm. 


Female.—Length (excluding rostrum) about 7 mm.; wing, 7 mm.; 
rostrum about 3 mm. 

Rostrum of moderate length, as shown by the measurements, sub- 
equal to the combined head and thorax, dark brown. Antennz black 
throughout; flagellar segments oval. Head yellowish gray, the posterior 
vertex with a blackish area on either side of the midline. 

Mesonotum gray, the praescutum more brownish gray, with three 
narrow velvety black lines; scutum gray, the mesal edge with a narrow 
black line, this being a caudal prolongation of the lateral praescutal 
stripe; scutellum and postnotum clearer gray. Pleura dark gray. 
Halteres: relatively short, pale, the knobs infuscated. Legs with the 
cox and trochanters yellow; femora brownish yellow, the apex paling 
to yellow, this enclosing a broad brown ring that is much wider than 
the yellow areas enclosing it; tibia and tarsi brown. Wings subhyaline. 
with a very sparse dark pattern, including restricted clouds at the 
supernumerary crossvein, origin of Rs and fork of Sc, the stigma and 
narrow seams along the cord and outer end of cell /st M2; wing-apex 
broadly and distinctly grayish brown; veins pale, darker in the infus- 
cated areas. Venation: Sc short, Sc; ending just beyond the origin of 
Rs, Sc, at its extreme tip; a supernumerary crossvein in cell Sc; cell 
1st Mz elongate, the second section of Mi,2 about one-fourth longer 
than the last section; m-cu close to the fork of M. 

Abdomen dark grayish brown, the caudal margins of the segments 
insensibly paler; basal sternites obscure yellow; male hypopygium dark, 
the ventral dististyle paler. Male hypopygium with the ninth tergite 
deeply notched medially, the lobes thus formed broadly obtuse, with 
abundant sete. Basistyle small, the ventro-mesal lobe conspicuous. 
Ventral dististyle very large and fleshy, its extent three or four times 
that of the basistyle; rostral prolongation slender, arcuated, the spines 
arising from its base, one from a small basal tubercle that is about one- 
third to one-fourth the length of the spine, the other from an elongate 
tubercle that is only a little shorter than the spine itself, the actual 
spines nearly equal in length. Dorsal dististyle a strongly curved 
yellow hook. Gonapophyses with the mesal apical lobe appearing as 
a stout curved yellow point. 


HABITAT: Colombia. Holotype, 7, Vista Nieve, Mt. Santa 
Marta, altitude 5,000 feet, August 6, 1925 (F. W. Walker). 
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Allotopotype, 2, August 8, 1926, at light, 4 A. M. (F. W. 
Walker). 

Type to be preserved in the Museum of Zoology, University 
of Michigan. 

Limonia (Geranomyia) marthe is readily told by the combina- 
tion of characters outlined above. The general coloration is 
much as in cinereinota (Alexander), but the species is more 
nearly allied to plumbeipleura (Alexander) and allied forms. 


Limonia (Geranomyia) versuta sp. n. 


General coloration gray, the praescutum with three narrow 
black stripes; halteres yellow, the knobs infuscated; femora 
brown, the tips very imperceptibly paler; wings whitish sub- 
hyaline, with a very restricted dark pattern; Sc short; male 
hypopygium with the tergite deeply notched medially; ventral 
dististyle relatively small, the rostral prolongation short and 
stout, with two spines, one arising from a stout broad-based 
tubercle. 


Male.—Length (excluding rostrum) about 5.5 mm.; wing, 7 mm.; 
rostrum about 2.8 mm. 

Rostrum and palpi black. Antennz dark brown; flagellar segments 
short-oval, with inconspicuous verticils. Head gray, the posterior 
vertex with a narrow black line on either side of the median vitta. 

Pronotum brownish gray, with a median and lateral black stripes. 
Mesonotal praescutum gray with a faint brown tinge, with three narrow 
black stripes; posterior sclerites of mesonotum gray, the mesal edge 
of each scutal lobe with a narrow black line, this being a backward 
continuation of the lateral praescutal stripe. Pleura brownish gray, 
the dorsal sternopleurite somewhat paler. Halteres yellow, the knobs 
infuscated. Legs with the coxe yellowish testaceous, the fore coxze 
more infuscated; trochanters yellowish testaceous; femora obscure 
yellow at base, soon passing into dark brown, the tips very imper- 
ceptibly paler; tibize brown, the tips passing into black; tarsi black. 
Wings whitish subhyaline, with a very restricted dark pattern; stigma 
very pale brown; restricted slightly darker brown clouds at the super- 
numerary crossvein, tip of Sc and origin of Rs, and as very vague 
clouds along the cord, outer end of cell Js¢ Mz and at ends of longitudinal 
veins; veins yellow, somewhat darker in the infuscated areas. Venation: 
Sc short, Sc; ending before origin of Rs, Sc at its tip; a supernumerary 
crossvein in cell Sc at near midlength; distal section of R; arcuated 
just beyond origin; cell /st Mz about as long as the longest vein beyond 
it; m-cu just before the fork of M. 

Abdominal tergites dark brown, the basal sternites pale yellow; 
hypopygium dark. Male hypopygium with the tergite deeply notched 
medially, the conspicuous lateral lobes bluntly rounded, provided with 
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coarse setz. Basistyle with the ventro-mesal lobe conspicuous, with 
long setz. Ventral dististyle relatively small, not exceeding twice the 
size of the basistyle; rostral prolongation very short and stout, with 
two spines, one arising from a stout basal tubercle whose base occupies 
about one-half the total length of the prolongation; second spine sessile 
or from a very inconspicuous tubercle, situated at the base of the first. 


Gonapophyses with the mesal apical lobe appearing as a flattened 
blade. 


HABITAT: Colombia. Holotype, #, Vista Nieve, Mt. Santa 
Marta, altitude 5,000 feet, August 8, 1926 (F. W. Walker). 
Type to be preserved in the Museum of Zoology, University of 
Michigan. 


The general appearance of Limonia (Geranomyia) versuta is 
much like L. (G.) cinereinota (Alexander), but the fly is very 
distinct in the longer rostrum and structure of the male 
hypopygium. 


Limonia (Geranomyia) neonumenius sp. n. 


General coloration of praescutum gray with three reddish 
brown stripes, the sublateral portions further darkened; femora 
yellow with a subterminal dark brown ring; wings sandy, with 
a restricted dark pattern; Sc long, Sc; ending about opposite 
midlength of Rs; male hypopygium with the rostral prolongation 
of the ventral dististyle short and stout, with two slender 
gently curved spines placed close to tip. 


Male.—Length (excluding rostrum) about 8-8.5 mm.; wing, 8-S.5 
mm.; rostrum about 5.3-5.5 mm. 

Female.—Length (excluding rostrum) about 9 mm.; wing, 8.5 mm.; 
rostrum about 5.3 mm. 

Rostrum elongate but still shorter than in numenius, black, including 
the maxillary palpi. Antenne black throughout; flagellar segments 
cylindrical, the verticils relatively inconspicuous. Head behind black- 
ish, the anterior vertex and an equally wide line on the posterior vertex 
light gray. 

Pronotum brown, with two silvery lines. Mesonotal praescutum 
with the ground-color silvery gray, with three reddish brown stripes, 
in addition to the sublateral darkening; median stripe narrower but 
not darker than the laterals; sublateral ground stripes more yellowish 
gray; scutum with the median area silvery, the lobes darkened; scutellum 
chiefly pale, a little infuscated at base; postnotum light brown, sparsely 
pruinose. Pleura testaceous yellow or brownish yellow. Halteres 
pale, the knobs weakly infuscated. Legs with the coxze and tro- 
chanters testaceous or slightly tinged with green; femora yellow, the 
distal fourth brighter yellow, enclosing a narrow dark brown ring that 
is subequal to the yellow apex; tibiz obscure yellow, the tips weakly 
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darkened; tarsi greenish yellow, passing into dark brown; claws (<”) 
with three long teeth. Wings with the ground-color light sandy or 
cream-color, the prearcular and costal regions clearer yellow; a restricted 
pale brown pattern, including clouds at the supernumerary crossvein, 
origin of Rs, fork of Sc, stigma and as seams along the cord and outer 
end of cell /st M2; veins yellow, darker in the infuscated areas, 2nd A 
dark. Venation: Sc long, Sc; ending opposite or shortly beyond mid- 
length of Rs, Sco not far from its tip; a supernumerary crossvein in 
cell Sc; cell 1st Mz relatively large, approximately as long as M42 
beyond it; m-cu at or just beyond the fork of M. 

Abdominal tergites brown, vaguely variegated with paler; sternites 
more yellowish; hypopygium reddish brown. Male hypopygium with 
the tergite transverse, shallowly notched medially, the low lateral 
lobes conspicuously setiferous. Basistyle with the ventral-mesal lobe 
long. Ventral dististyle large and fleshy, the rostral prolongation short 
and stout, with two slender spines placed close to its tip; neither spine 
from basal tubercles, subequal in length, very gently curved. Gona- 
pophyses with the mesal apical lobe narrowed to a curved blackened 
spine. Aedeagus long, constricted at near midlength, the apex simple. 


HaBitaT: Columbia. Holotype, #7, Vista Nieve, Mt. Santa 
Marta, altitude 5000 feet, August 8, 1926, at light, 4 A. M. 
(F. W. Walker). Allotopotype, 9, August 6, 1929. Paratopo- 
type, &, with the holotype. Type to be preserved in the 
Museum of Zoology, University of Michigan. 

Limonia (Geranomyia) neonumenius is closest to numenius 
(Alexander), differing in the coloration of the thorax and 
details of venation, as the larger cell /st M,. I have never 
seen a male of nmumentius. 


Limonia (Geranomyia) walkeri sp. n. 


Mesonotal praescutum grayish white, with two reddish 
brown stripes in addition to the darkened lateral margin; 
femora with a subterminal brown ring; wings creamy-yellow 
with a conspicuous darker pattern, including dark marginal 
seams on all the posterior longitudinal veins; Sc relatively long, 
Sc, ending about opposite one-third the length of Rs; male 
hypopygium with the rostral prolongation of the ventral 
dististyle bearing a single very long spine from a slender basal 
tubercle. 

Male.—Length (excluding rostrum) about 6 mm.; wing, 7 mm.; 
rostrum about 3.8 mm. 

Female.—Length (excluding rostrum) about 6.5 mm.; wing, 7.5 mm.; 
rostrum about 4 mn. 
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Rastrum elongate, if bent backward extending about to opposite 
one-third the length of the abdomen, black, the outer ends of the 
labial palpi paler; maxillary palpi black. Antennz with the scapal 
segments black, the flagellum dark brown; flagellar segments long-oval 
to subcylindrical. Head gray, the lateral portions of the posterior 
vertex blackened, restricting the ground-color to a narrow vitta that 
is subequal in width to the anterior vertex. 

Pronotum yellow above, darkened laterally. Mesonotal praescutum 
grayish white with two reddish brown stripes, one on either side of a 
capillary median vitta; lateral margins of the sclerite more broadly 
darker brown; scutal lobes reddish brown; median region of scutum 
and the scutellum pale whitish; postnotal mediotergite grayish brown 
medially, paling to yellowish white on the sides. Pleura chiefly pale 
yellowish white. Halteres yellow, the knobs infuscated. Legs with 
the coxz and trochanters yellowish testaceous; femora brownish yellow, 
clearer yellow at outer ends, this enclosing a conspicuous dark brown 
ring that is a little more extensive than the yellow apical portion; 
tibiz and tarsi light brown, the outer tarsal segments more darkened. 
Wings creamy yellow, with a conspicuous darker pattern; prearcular 
and costal regions clearer yellow, especially cell Sc; the darkened areas 
are as follows: Base of cell Sc, at supernumerary crossvein, origin of 
Rs and fork of Sc, the two latter areas separated or barely contiguous; 
stigma; clouds along cord and outer end of cell /s¢ Mz; seams back from 
the margin on veins R3, Miie2, M3, Ms, Cm and the Anal veins, the 
largest on vein /st A; veins pale, darker in the infuscated areas. Vena- 
tion: Sc of moderate length, Sc; extending to about opposite one-third 
the length of Rs, Sc. at its tip; a supernumerary crossvein in cell Sc; 
cell /st Mz subequal to vein M,42 beyond it; m-cu at fork of M. 

Abdominal tergites dark brown, the sternites obscure yellow; male 
hypopygium brownish black, excepting the conspicuous yellow ventral 
dististyles. Male hypopygium with the tergite transverse, the caudal 
margin with a broad, shallow emargination, the lateral lobes thus 
formed obliquely truncate. Basistyle small, the ventro-mesal lobe 
large. Ventral dististyle large and fleshy, the rostral prolongation 
slender, shortly before tip with an elongate basal tubercle that bears 
a single long curved spine; the tubercle alone is about one-half the 
length of the dorsal dististyle, while the spine is fully one-half longer 
than this dististyle. Dorsal dististyle nearly straight on basal two- 
thirds, thence curved to the tip. Gonapophyses with the mesal apical 
angle appearing as a very long and nearly straight spine. Aedeagus at 
tip with two divergent flaps. 


HABITAT: Colombia, Brazil. Holotype, &, Vista Nieve, 
Mt. Santa Marta, altitude 5000 feet, August 8, 1926 (F. W. 
Walker). Allotopotype, 9°, August 6, 1926. Paratopotypes, 5 
& 9, August 6-8, 1926. Paratype, # Jaragua, Santa Catharina, 
Brazil, August 29, 1929 (F. Schade). 

Type to be preserved in the Museum of Zoology, University 
of Michigan. 
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Limonia (Geranomyia) walkeri is named in honor of the 
collector, Mr. Fred W. Walker, who has collected numerous 
Tipulidz in Colombia. The species is very distinct from all 
described forms in the single very long spine on the rostral 
prolongation of the ventral dististyle. 


Orimarga Osten Sacken. 


Orimarga bahiana sp. n. 


Generally similar to O. punctipennis Alexander (British 
Guiana), differing especially in the details of venation. 


Female.—Length about 7 mm.; wing, 5.6 mm. 

Head light silvery gray. Mesonotal praescutum dull gray with 
four poorly defined grayish brown stripes; scutal lobes with two similarly 
colored areas. Legs pale yellow. Wings brownish yellow, the outer 
ends of the radial cells darker; small but conspicuous brown spots at 
origin of Rs, fork of Sc, tip of Ri4g and Re; on anterior cord, m-cu and 
at fork of M;,;; veins chiefly pale, darker in the infuscated areas 
Venation: R»2 shorter than Ri4., straight, not angulated and spurred as 
in punctipennis; basal section of R; long and conspicuously arcuated, 
not short and straight as in punctipennis. Abdomen brownish black. 


HABITAT: Brazil. Holotype, 9, Bahia, May 1929 (R. C. 
Shannon). 


Diotrepha Osten Sacken. 


Diotrepha myersiana sp. n. 


Generally similar and closely allied to D. fumicosta Alexander, 
differing especially in the venation. 


Female.—Length about 6 mm.;, wing, 4.6 mm. 

General coloration dark brown, the abdomen black, only the tergal 
valves of the ovipositor yellowish horn-color. Halteres black. Legs 
broken beyond the trochanters. Wings with a strong blackish tinge, 
more saturated along the costal margin. Venation: Sc; ending shortly 
before the fork of Rs, Sco a short distance from its tip, Sc; alone being 
about equal to R2; free tip of Sce a little shorter than R, beyond it; 
R, a trifle longer than R; before it; Ris. elongate, exceeding the distance 
between Sco and Re and nearly as long as Rs. 


HABITAT: British Guiana. Holotype, 9, Koriabo, Barima 
River, May 5, 1929 (J. G. Myers). 

I take great pleasure in naming this interesting Diotrepha 
in honor of my friend and colleague, Dr. John G. Myers. 
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Limnophila Macquart. 


Limnophila kaieturana sp. n. 


General coloration brownish gray; antennz short, black 
throughout; mesonotal praescutum brownish gray with three 
dark brown stripes; halteres pale; legs chiefly darkened; wings 
grayish with a heavy brown pattern; cell M, present; m-cu at 
near one-third the length of the relatively small cell 1st M2. 


Female.—Length about 6.5-7.5 mm.; wing, 6-7.3 mm. 

Rostrum and palpi black. Antenne black throughout, short; 
flagellar segments short-oval, becoming smaller outwardly. Head 
gray, the posterior vertex with a large dusky area on either side of the 
median line. 

Mesonotal praescutum brownish gray with three dark brown stripes, 
the median stripe broad, not reaching the suture behind; lateral stripes 
relatively short and indistinct; no tuberculate pits; pseudosutural 
foveze reduced to a blackened marginal pit; scutum brownish gray, 
the centers of the lobes dark brown; scutellum and postnotum gray. 
Pleura brownish gray. Halteres pale yellow. Legs with the coxe 
brownish gray; trochanters yellowish brown; femora yellowish brown, 
passing into dark brown at tips; tibia brown, the tips narrowly dark 
brown; basitarsi yellowish brown, the tips and remainder of tarsi 
dark brown. Wings grayish, the prearcular and costal regions more 
yellowish gray; a heavy brown pattern, as follows: Base of cell R; 
origin of Rs; along cord and outer end of cell /st M2; a marginal series 
at ends of all longitudinal veins; fork of M142; at near midlength of cell 
R,; near outer end of cell M; at near midlength of cell 2nd A and in the 
axilla; veins pale, darker in the infuscated areas. Venation: Sc, 
ending opposite or just beyond fork of Rs, Sce at tip; Re subequal to or 
shorter than R42; inner ends of cells Ry, R; and /st Me in nearly trans- 
verse alignment; cell M/; subequal to its petiole; cell /s¢ Mz relatively 
small, m-cu at near one-third its length. 

Abdomen dark grayish brown, the valves of the ovipositor blackened. 


HABITAT: British Guiana. Holotype, 9, Kaietur Falls, 
May 26, 1929 (Miss Alice Mackie). Paratopotype, 9. 

I have to thank Miss Mackie and Professor Cockerell for 
this interesting crane-fly. The species is amply distinct from 
allied regional forms in the coloration of the body and wings. 


Shannonomyia Alexander. 


Shannonomyia austrolathrea sp. n. 


General coloration gray; mesonotal praescutum with a black 
median vitta; legs black, the tips of the femora abruptly yellow; 








734 Annals Entomological Society of America [Vol. XXIII, 


wings cream-colored, with a restricted dark brown pattern; 
vein R:3,, shorter than the basal section of Rs. 


Female.—Length about 7 mm.; wing, 7.5 mm. 

Rostrum gray; palpi black. Antennz with the scapal segments 
black; flagellum paler, the incisures vaguely obscure yellow; flagellar 
segments oval, decreasing in size outwardly. Head gray. 

Mesonotal praescutum brownish gray with a single very conspicuous 
median black vitta that extends to the suture; posterior sclerites of 
mesonotum gray. Pleura gray, vaguely marked with darker. Halteres 
pale, the knobs light yellow. Legs with the cox pale yellow, sparsely 
pruinose; trochanters obscure yellow; femora black, the extreme tips 
abruptly yellow; remainder of legs black. Wings cream-yellow, with 
a restricted dark brown pattern, arranged as follows: Post-arcular; 
origin of Rs; fork of Sc; along cord, beginning at stigma, narrowly 
interrupted on M3,,; tips of all longitudinal veins except R;, largest on 
R; and R,; outer end of cell /s¢ M2; veins yellow, darker in the infuscated 
areas. Venation: Sc, ending about opposite two-thirds the length of 
Rs, Sc. at its tip; Rs long; Rey344 short to very short; cell /st M2 of 
unusual length, as in /athrea; m-cu about two-thirds its length beyond 
the fork of M. 

Abdomen brownish black, pruinose. Ovipositor with the sternal 
valves blackened, the tergal valves horn-yellow, gently upcurved to 
the acute tips. 


HABITAT: Bolivia. Holotype, 9, Santa Cruz, February 
1929 (ex Fr. Schade). 

Shannonomyia austrolathrea is most closely allied to the 
Colombian S. lathrea (Alexander), differing especially in the 
coloration and details of venation. 


Eriocera Macquart. 


Eriocera flammeinota sp. n. 


General coloration of body black, only the mesonotal 
praescutum and scutum fiery orange; knobs of halteres and 
legs black; wings dusky at base and apex, the central portion 
yellow, clearest and most extensive on the cephalic portion. 


Female.—Length about 23 mm.; wing, 17 mm. 

Rostrum and palpi black. Antenne brownish black throughout, 
10-segmented (9), the flagellar segments gradually decreasing in 
length and diameter outwardly. Head black, the vertical tubercle 
very shallowly notched. 

Pronotum brownish black. Mesonotal praescutum and scutum fiery 
orange; remainder of thorax black. Halteres brownish yellow, the 
knobs blackened. Legs brownish black throughout. Wings dusky at 
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base and apex, the central portion broadly yellow, widest along the 
costal margin, gradually narrowing posteriorly, the band not crossing 
the wing, being obscured in the marginal Anal and Cubital cells; veins 
yellow, darker in the infuscated areas. Venation: R2 a little shorter 
than Re,3; cell M, lacking; distal section of Cu, short, about two-thirds 
m-cu. 

Abdomen black, including the ovipositor, only the extreme tips of 
the valves brightened. 


HABITAT: Brazil. Holotype, 9, Minas Geraes, 1897, ex 
Fruhstorfer Coll. Type in the Deutsches Entomologisches 
Museum. 

Eriocera flammeinota is very distinct from all regional 
species of the genus. 


Eriocera antennata sp. n. 


General coloration light brown; antenne (<) elongate, 
approximately four times the body; vertical tubercle very high; 
wings tinged with brown; a restricted darker brown pattern 
along the cord and other veins; Rs angulated and spurred at 
origin; cells R, and R; subequal at margin. 


Male.—Length about 7.5 mm.; wing, 8 mm.; antenna about 30 mm. 

Rostrum very reduced, brownish yellow; palpi short, dark brown. 
Antennz (c”) approximately four times as long as body; basal segments 
obscure yellow, the outer segments passing into brown; basal four 
flagellar segments gradually increasing in length and slenderness, all 
armed with spinous setz; remaining segments abruptly shorter. Head 
testaceous yellow, the vertical tubercle very developed, subequal to 
the basal segment of scape in length and stouter. 

Mesonotum light brown, the surface very sparsely pruinose, the 
praescutum with scarcely indicated stripes. Pleura with the dorsal 
sclerites brown, the ventral ones yellow. Halteres yellow, the knobs 
infuscated. Legs with the coxz and trochanters yellowish testaceous; 
remainder of legs broken. Wings with a faint brown tinge, sparsely 
variegated with darker; stigma pale brown; origin of Rs, cord, outer 
end of cell /s¢ Ms, Rise and Rs, and tip of vein R3; narrowly seamed 
with darker brown; veins pale, dark brown in the infuscated areas, 
especially along the oblique cord. Venation: Rs much shorter than in 
macrocera, angulated and spurred at origin; Re43,4 subequal to Re,3; 
R; deflected strongly cephalad at end so cell R: is subequal to cell 
R; at margin; veins beyond cell /s¢ Mz not longer than the cell; m-cu 
at fork of M. 

Abdomen brownish yellow, the hypopygium dark brown; incisures 
appearing darker than the ground-color. 


Hasitat: Colombia. Holotype, #, Sevilla, Department of 
Magdalena, May 17, 1926 (F. W. Walker). 
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Type to be preserved in the Museum of Zoology, University 
of Michigan. 

Eriocera antennata is allied to E. macrocera Alexander 
(Brazil), differing especially in the details of venation and wing- 
pattern. 


Elephantomyia Osten Sacken. 


Elephantomyia boliviensis sp. n. 


General coloration of thorax uniform yellow; head fulvous 
yellow, the anterior vertex and posterior orbits grayish white; 
halteres yellow; legs yellow, the tibial spurs lacking; wings 
grayish yellow, the base and costal region clearer yellow; abdom- 
inal tergites obscure yellow, with a nearly continuous brownish 
black median stripe. 


Female.—Length (excluding rostrum) about 6.5 mm.; wing, 7.8 mm.; 
rostrum about 6 mm. 

Rostrum nearly as long as body (in female), dark brown. Antenne 
dark brown throughout, relatively long and slender. Head fulvous 
yellow, the narrow anterior vertex and posterior orbits grayish white. 

Mesonotum and pleura uniform yellow, the surface nitidous, without 
markings. Halteres yellow. Legs with the coxe and trochanters 
yellow; remainder of legs yellow to brownish yellow; no tibial spurs. 
Wings grayish yellow, the base and costal region clearer yellow; stigma 
oval, pale brown; veins before the cord chiefly yellowish, the outer 
veins passing into brown. Venation: Sc; ending about opposite five- 
sixths the length of Rs, Sco at its extreme tip; branches of Rs extending 
parallel for nearly their total length, cell Re at margin thus being approx- 
imately twice as wide as cell R3; m-cu at near midlength of cell /st Ms, 
about one-half longer than the distal section of Cm. 

Abdominal tergites obscure yellow, with a conspicuous brownish 
black median stripe that is almost continuous, broadest in front, more 
narrowed and interrupted on the posterior segments; sternites more 
uniformly yellow. 


HaBitaT: Bolivia. Holotype, 9, Santa Cruz, February 
1929 (ex Fr. Schade). 

Elephantomyia boliviensis differs from E. clitellaria Alexander 
(Chile) in the coloration of the body and wings. 


Atarba Osten Sacken. 


Atarba (Atarba) boliviana sp. n. 


General coloration brownish yellow; antennz (<) elongate; 
flagellum dark brown, the extreme proximal ends of the basal 
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segments obscure yellow; pleura infuscated; wings brownish 
yellow, the oval stigma only slightly darkened. 


Male.—Length about 4.3 mm.; wing, 5.2 mm.; antenna about 
3.8 mm. 

Rostrum obscure yellow; palpi brown. Antennz (0) elongate, 
only a little shorter than the body; scapal segments obscure yellow; 
flagellar segments dark brown, the extreme proximal ends of the basal 
segments pale yellow to produce a vague annulated appearance. Head 
dull brownish yellow. 

Mesonotum shiny brownish yellow, without markings. Pleura 
chiefly infuscated, the ventral sternopleurite more yellowish. Halteres 
pale, the knobs infuscated. Legs with the coxze and trochanters 
obscure yellow, the fore cox more infuscated; femora yellow, the 
extreme tips on outer face narrowly darkened; tibiz obscure yellow, 
the tips and tarsi passing into dark brown. Wings brownish yellow, 
the costal region clearer yellow; stigma oval, scarcely apparent against 
the ground-color; veins pale brown. Venation: Sc; ending shortly 
beyond origin of Rs, Sco a corresponding distance before this origin; 
cell 1st Mz closed; m-cu shortly beyond the fork of M. 

Abdominal tergites yellow, the caudal margins of the segments 
darkened; a dark brown ring involving segments seven, eight and 
caudal portion of six; hypopygium yellow. Male hypopygium with 
the median lobe of the sternite long and narrow, gradually widened 
outwardly, the lateral angles produced into acute pale horns. Aedeagus 
unusually long and relatively slender, gradually narrowed outwardly. 


HABITAT: Bolivia. Holotype, @, Santa Cruz, February 
1929 (ex Fr. Schade). 

Atarba boliviana is allied to A. brunneicornis Alexander 
(Colombia), differing in the details of coloration and venation. 


Atarba (Atarba) stigmosa sp. n. 


General coloration of mesonotum testaceous yellow, the 
dorso-pleural region and postnotum dark brown; antenne 
black; halteres yellow, the knobs infuscated; legs yellow, the 
femora narrowly tipped with brown; wings tinged with yellow, 
the stigma and a small cloud on the anterior cord dark brown; 
abdominal tergites dark brown. 


Female.—Length about 6 mm.; wing, 6.5 mm. 

Rostrum obscure yellow; palpi black. Antenne black throughout, 
the incisures between the first three or four flagellar segments insensibly 
paler; flagellar segments gradually decreasing in length outwardly, the 
last segment subequal to the penultimate. Head obscure yellowish 
testaceous, vaguely marked with darker. 

Mesonotum shiny testaceous yellow, without markings, the postno- 
tum dark brown. Pleura obscure yellow, with a conspicuous dark 
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brown dorsal stripe extending from the cervical region to the postnotum. 
Halteres yellow, the knobs infuscated. Legs with the coxe and tro- 
chanters yellow; femora yellow, the tips narrowly but conspicuously 
infuscated ; tibize and tarsi obscure yellow, the tips of the latter narrowly 
blackened. Wings tinged with yellow, clearer in the prearcular, costal 
and cubital regions; stigma large, dark brown, conspicuous; a restricted 
brown cloud on the anterior cord; veins light brown, slightly paler in 
the flavous areas. Venation: Sc; ending opposite the origin of Rs, 
Sc, a short distance from its tip; Rs short, strongly arcuated; m-cu 
at near one-third the length of the lower face of cell 1st Mo. 

Abdominal tergites dark brown; sternites variegated yellow and 
dark brown, the median region more uniformly yellow, the lateral 
portions of the segments at near midlength with a darkened area. 
Ovipositor with the genital segment testaceous yellow, the valves more 
horn-colored. 


HABITAT: Bolivia. Holotype, 9, Santa Cruz, February 
1929 (ex Fr. Schade). 

By my key to the American species of Atarba (Annals Ent. 
Soc. America, 19: 171; 1926), the present species runs to couplet 
3, disagreeing with all remaining species in the combination of 
marked wings and femora with darkened tips. 


Teucholabis Osten Sacken. 


Teucholabis (Teucholabis) salti sp. n. 


General coloration of thorax chestnut, the praescutum with 
three black stripes; thoracic pleura ochre-yellow with two 
black longitudinal stripes; halteres yellow; legs yellow, the tips 
of the femora, tibiz and basitarsi blackened; wings whitish 
subhyaline, the stigma brown, the veins of the cord darkened; 
abdomen black, the segments ringed with yellow; male hypopy- 
gium with the outer dististyle a long slender rod that bears an 
acute lateral spine at midlength. 


Male.—Length about 5.5-6 mm.; wing, 5-5.5 mm. 

Female.—Length, 5-6 mm.; wing, 4.5-5 mm. 

Rostrum and palpi black, the former about as long as the remainder 
of head. Antenne black throughout. Head gray, more ochreous 
beneath. 

Pronotum yellow. Mesonotal praescutum chestnut, with three 
conspicuous black stripes, the lateral stripes delimiting the ground- 
color, the humeral and lateral margins broadly light yellow; median 
stripe more or less constricted and sometimes paler behind midlength, 
not reaching the suture; scutum chiefly chestnut, the lobes margined 
laterally with black, the median region, together with the adjacent 
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postero-median region of praescutum yellow; scutellum light yellow; 
postnotal mediotergite chestnut, the cephalic portion narrowly black- 
ened. Pleura ochre-yellow with two black longitudinal stripes, the 
more dorsal extending from above the fore coxz, including the ane- 
pisternum, dorsal pteropleurite and pleurotergite; ventral stripe includ- 
ing the fore cox, the ventral sternopleurite and meron. Halteres 
yellow, the knobs brighter. Legs with the coxze black, more or less 
pruinose; trochanters brown; femora, tibiz and basitarsi yellow, the 
tips broadly black; remainder of tarsi black. Wings whitish subhyaline, 
the oval stigma brown; veins brownish yellow to yellow, those com- 
prising the cord dark brown. Venation: Sc long, Sc; ending opposite 
midlength of Rs, Scz some distance from its tip, Sc; alone exceeding 
one-third the length of Rs; Re longer than Rj4., in alignment with r-m; 
m arcuated, much longer than the basal section of M3. 

Abdominal segments black, the caudal margins conspicuously 
ringed with yellow; hypopygium black. Sternal pocket of sixth seg- 
ment of male well-developed. Male hypopygium with the apex of 
basistyle produced into a short black spine, the base on mesal face 
with abundant delicate setulae. Outer dististyle a long slender rod, 
at apex narrowed into an acute spine; at midlength with an acute 
lateral spine. Inner dististyle blackened, the apex bispinous, the 
spinous points separated by a rounded notch. 


HasitatT: Colombia. Holotype, #, Rio Frio, Magdalena, 
December 3, 1927 (G. Salt). Allotopotype, 9, July 8, 1927 
(G. Salt). Paratopotypes, 77 9, July 21—December 3, 1927 
(G. Salt), 25¢° 9, February 18—-May 26, 1925 (F. W. Walker), 
29%, November 12, 1925 (F. W. Walker). Paratypes, 100 
o&' 2, Sevilla, Magdalena, November 19, 1925-June 8, 1926 
(F. W. Walker); 1 o&, Orihueca, November 13, 1925 (F. W. 
Walker). Type in author’s collection, majority of paratypes 
in the Museum of Zoology, University of Michigan. 

I take great pleasure in dedicating this interesting Teucho- 
labis to Dr. George Salt, to whom I am indebted for several 
Neotropical Tipulide. By my key to the Neotropical species 
of Teucholabis (Trans. Amer. Ent. Soc., 40: 235-239; 1914), 
the present species runs to couplet 27, disagreeing with both 
included species in the diagnostic features listed above. 


Erioptera Meigen. 
Erioptera (Empeda) boliviana sp. n. 


General coloration grayish brown; antenne brownish black 
throughout; knobs of halteres infuscated; legs brownish black; 
wings strongly tinged with gray; Sc, and R; unusually long; 
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cell 1st M: open; male hypopygium with the outer dististyle 
elongate, very unequally bifid by a small lateral branch; gona- 
pophyses appearing as broad flattened plates. 


Male.—Length about 2.8 mm.; wing, 3.6 mm. 

Female.—Length about 3.8 mm.; wing, 4.4 mm. 

Rostrum and palpi dark brown. Antennz brownish black through- 
out; flagellar segments oval. Head brownish gray, the anterior vertex 
and narrow posterior orbits silvery-gray. 

Mesonotum dark grayish brown, the pleura more pruinose. Halteres 
pale, the knobs infuscated. Legs with the coxz and trochanters pale 
yellow; remainder of legs brown, covered by still darker hairs, the outer 
segments black. Wings with a strong grayish suffusion, the oval stigma 
more brownish gray; veins brown, the macrotrichia brownish black. 
Macrotrichia relatively long and conspicuous. Venation: Sc; ending 
about opposite one-fourth the length of Rs, Sc, exactly opposite this 
origin, Sc; thus being of unusual length; Re a little shorter than Re4344; 
vein and cell R; of unusual length, both exceeding the petiole of the 
cell; cell 1st M2 open; m-cu close to fork of M. 

Abdomen dark brown, the sternites somewhat more yellowish 
brown. Male hypopygium relatively small. Outer dististyle elongate, 
with a very reduced lateral branch. Inner dististyle short and straight. 
Gonapophyses appearing as broad flattened plates. 


HABITAT: Bolivia. Holotype, &@, Santa Cruz, February 
1929 (ex Fr. Schade). 7 

Erioptera (Empeda) boliviana is very distinct from the 
remaining Neotropical species, none of which has been taken 
from farther south than Central America. 





THE GROWTH AND DEVELOPMENT OF EPHESTIA 
KUEHNIELLA ZELLER (LEPIDOPTERA) AND TRI- 
BOLIUM CONFUSUM DUVAL (COLEOPTERA) 
UNDER CONTROLLED CONDITIONS OF 
TEMPERATURE AND RELATIVE 
HUMIDITY.* 


Tom A. BRINDLEY, 
Iowa State College, Ames, Iowa. 


INTRODUCTION. 

The confused flour beetle (Tribolium confusum Duval) and 
the Mediterranean flour moth (Ephestia kuehniella Zeller) have 
long been recorded as serious pests of stored grain products 
(Riley 1889, Chittenden 1896). In recent years they have 
served as very valuable material for laboratory experiments 
on insect nutrition (Chapman 1924, Richardson 1926). In 
spite of the economic and scientific importance of these two 
insects the writer could find little detailed information on their 
growth and development under carefully controlled conditions 
of temperature and relative humidity, on a normal whole wheat 
diet. 

The writer wishes to express his gratitude to Dr. C. H. 
Richardson, under whose direction the work was done, for his 
kindly aid and helpful criticism. 


METHODS OF PROCEDURE. 

All the experiments carried out in this study were made 
under controlled conditions of temperature and relative humid- 
ity. A temperature of approximately 30° C. (Actually 29.7° 
+ 0.1° C. by a standard thermometer) and a relative humidity 
of 73% were used. 

The humidity within the box was maintained between 60% 
and 70% by pans filled with a saturated solution of sodium 
chloride placed directly in front of the air currents from an 
electric fan. Flour under these conditions contains approxi- 
mately 11.5% of moisture (Bailey 1920). All detailed studies 
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were made in battery jar humidity chambers containing 
saturated sodium chloride solutions to insure a constant humid- 
ity of 73%. These jars were aerated at least once daily. 

The light within the box was practically the same as that 
of the laboratory room. 

Larve of Ephestia kuehniella for experimental purposes were 
reared in wide mouthed bottles 70 mm. high and 20 mm. 
wide at the base. The bottles were stoppered with cotton. 
Twenty larve were placed on approximately five grams of 
flour to guard against disease and to prevent abnormal develop- 
ment due to over crowding. Stock cultures of Tribolium con- 
fusum were maintained in battery jars 25 cm. high and 15 cm. 
wide. 


Part I. Ephestia kuehniella. 
THE ApuLT OF Ephestia kuehniella. 


Under laboratory conditions the emergence of the moths 
was not confined to any particular time of day. Newly emerged 
moths were observed in the cultures at all times. After emer- 
gence the female remains quiet with the tip of her abdomen 
raised well above the level of her body with her ovipositor 
protruding two to four millimeters. Virgin females have been 
observed to remain in this position until they were about to 
die. 

Under normal conditions both sexes remain quiet during 
the day. Copulation takes place after midnight on the day of 
emergence. The moths separate the following morning. The 
length of the union was found to vary from four to six hours 
on ten pairs studied. Several pairs were observed to remain 
united for a longer time than this but in these cases both 
sexes died without separating. 

The adults of this species are rather short lived. The 
average length of life for fifty pairs known to have mated was 
6 days for the females and 7 days for the males. The maximum 
was 10 days for the females and 11 for the males, the minimum 
was 3 days for both sexes. Unfertilized moths were found to 
live somewhat longer. The average for 20 males was 11 days 
and for 20 females 10 days. The maximum length of life for 
both sexes was 15 days, the minimum 6 days. 
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The average weight for the adults reared under the con- 
ditions used in this study was 11.5 mg. for the males and 
15.7 mg. for the females. Table I gives a summary of the adult 
weights. 


TABLE I. 
WEIGHT OF THE ADULTS OF Ephestia kuehniella. 


WEIGHT oF Eacu SEx 





| Males Females 

















Minimum 10.4 mg. 12.2 mg. 
Maximum 12.7 17.9 
150 of each sex |——_—_—_—_____— —_ 
| Average 11.5 15.7 
| Standard 
Deviation 0.6 mg. 1.5 mg. 


OVIPOSITION. 


Under natural conditions egg laying begins the night follow- 
ing mating. Twenty-five mated females kept in the dark 
began to oviposit in from six to nine hours. The eggs are laid 
singly or in masses scattered irregularly over the surface on 
which they are laid. The number laid by fifty pairs known to 
have copulated ranged from 25 to 352 with an average of 167. 
Table II shows the average laid per day. 


TABLE II. 
AVERAGE NUMBER OF EGGs LAID PER Day By 50 Ephestia kuehniella. 





; S Nl Nl ] 
Day Ist | 2nd | 3rd | 4th | 5th | 6th | 7th | 8th 


Number of Eggs........... 64 50 | 21 15 7 a) @ 3 














Twelve females from the fifty known to have copulated 
did not lay fertile eggs. In these cases oviposition did not 
begin at once but was delayed from five to six days. The 
number of eggs laid by these moths varied from none up to as 
high as a hundred for each individual. 

Moths reared at 30° C. and 73% relative humidity showed 
a marked degree of sterility. Whether this sterility was due to 
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e the temperature or the humidity or some other factor was not 
determined. Measurements in length of the moths showed 
them to be normal when compared with those reared under 
fluctuating room conditions. 

The egg of Ephestia kuehniella is elongate oval in form. 
When first laid they are pearly white and slightly iridescent. 
Just before hatching the egg turns light yellow in color due to 
the development of the embryo which can be seen through the 
shell of the egg at this time. In length it measures on the 
average 0.58 mm. and in width 0.33 mm. Table III shows the 
size of the egg. 


TABLE III. 
THE SIZE OF THE EGGs or Ephestia kuehniella. 


No. or EGGs 








MEASURED SIZE LENGTH | WIDTH 
Minimum 0.53 mm. | 0.28 mm. 
Maximum 64 | 37 
50 ae I a ea ae ee 
Average 58 | 33 
Standard | 
Deviation 0.02 mm. 0.02 mm. 





The mean weight of a single egg from fifteen group weigh- 
ings of one hundred eggs each was 0.023 mg. Table IV gives 
the weights of fifteen hundred eggs. 


TABLE IV. 


WEIGHT OF A SINGLE EGG 





NUMBER 
oF EGGs Standard 
WEIGHED Minimum Maximum Average Deviation 





1,500 "0.021 mg. | 0.025 mg. 0.023 mg. 0.005 mg. 


The eggs hatch in ninety-six hours at 30° C. and 73% 
relative humidity (Decker and Melvin 1929). 
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THE LARVA. 


The larva of Ephestia kuehniella immediately after hatching 
averages 0.866 mm. in length and averages 0.199 mm. in width 
across the head capsule. At this time they weigh 0.018 mg. 
The newly emerged larve are cream colored and sparsely 
covered with long hairs. In general appearance they remain 
the same throughout their development except for a slight 
variation in color before and after each molt. At this time the 
color varies from a flesh color immediately after molting to a 
yellowish white just before a molt. Table V gives the weight, 
length, and head capsule measurements by instars. 


TABLE V. 
THE WEIGHT, LENGTH, AND HEAD CAPSULE WIDTH oF Ephestia kuehniella. 





|HEAD CAPSULE Wiptn* LENGTHT 
INSTAR AGE | Avan rage | = andard | _—_—— Standard | WeicatTt 
eviation | Deviation 
1 0 days '0.199mm.| 0.013 mm. | 0. 87mm. | 0.09 mm. & 018 mg. (50) 
1 4days| .199 | .013 | ae 6 6|lC | 040 ~~ (40) 
2 | 8days | 266 86| +016 | 2.38 | 48 | 200 (35) 
: lta |o | ae lame | ee te 
4 | 16days| 577 | .035 es ; | 5o)0 | 3.14 (10) 
5 | 20 days | .821 030 | 8.5 | 43 18.40 —(10) 
6 | 24 days 11.110 | 032 126 86=6| 78 27.80 (10) 


*100 individuals used. 
+ 25 individuals used. 
{Number weighed indicated in parentheses. 


The measurements in this table were made just preceding a 
molt and therefore represent the maximum size attained during 
the instar represented. 

After the larva has reached maturity it crawls to the surface 
of the material within which it has been feeding and spins a 
cocoon of silk intermingled with particles of meal and flour 
within which it pupates. 
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THE PUPA. 


Immediately after pupation the pupa is of a pale green 
color. This soon changes into a reddish brown on the dorsal 
side of the thorax and shades into a brownish yellow on the 
ventral surface. The average length of the pupa is 9 mm. 
and the average width in the thoracic region is 2.21 mm. 
Table VI shows the size of the pupa. 


TABLE VI. 
SIZE OF THE Pupa oF Ephestia kuehniella. 








NUMBER OF PuPA 




















MeaauenD SIZE LENGTH WIDTH 
crea iim rne Minimum al 8.5 mn. % 2.04 mm. * 
“ Maximum > are 10 0 a 2.29 =. 
. Average re é 9 0 7 2.21 : 
~ Standard a Oren ot ae ah 
Deviation 0.51 mm. 0.08 mm. 





THE LIFE CYCLE. 


The following determinations on the life cycle of Ephestia 
kuehniella were made on one hundred individuals reared from 
the egg to the adult stage. 


The Egg.—The hatching period of the egg was determined 
by placing eggs, the age of which was known within two hours, 
in a shell vial 60 mm. high and 12 mm. wide. This vial was 
then placed in a larger one 76 mm. high and 16 mm. wide which 
was filled to a depth of approximately 15 mm. with a saturated 
solution of sodium chloride. The larger of the two vials were 
stoppered with corks. These humidity tubes were aerated 
daily in order to insure a fresh supply of air. When the approxi- 
mate hatching day was reached the eggs were examined every 
two hours until the last larve had hatched. The average time 
for the eggs to hatch under these conditions was 96 hours, 
(Decker and Melvin, 1929). 

The Larva.—The newly hatched larve were placed on a 
small amount of finely-ground whole wheat flour in a shell vial 
60 mm. high and 20 mm. wide. These vials were placed in a 
large battery jar partially filled with a saturated solution of 
sodium chloride. These jars were equipped with close-fitting 
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tops in order to maintain the proper humidity. With this 
technique the larvz could be kept, with the exception of very 
short periods each day during which they were examined, under 
very close conditions of temperature and relative humidity. 
Each larva was examined daily in order to determine the 
number and the length of the instars. The larve of this 
species proved somewhat difficult to handle due to its habit of 
spinning a tube of silk about it as it feeds. This habit made it 
necessary to carefully remove the larva from its feeding tube 
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with dissecting needles for each examination. These exami- 
nations appeared to have little effect upon the length of the 
life cycle of this species. The total length of the life cycle 
of those larve which were examined daily was one day less than 
the length of the life cycle of those which remained undisturbed. 

Under these conditions the larva of Ephestia kuehniella was 
found to have five molts up to the time of pupation. The 
total length of the life cycle from the laying of the egg to the 
emergence of the adult was found to be 41 days with a standard 
deviation of 2.4 days. 

The Pupa.—Reared under the conditions described above 
the average length of the pupal stage was 8 days. Chart 1 and 
Table VII give a summary of the length of the various stages 
in the development of this species. 
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TABLE VII. 


TABLE SHOWING THE LENGTH OF THE STADIA OF Ephestia kuehniella. 





LENGTH OF THE STAGES* 











STAGE 

Minimum Maximum 
Ege 4 days 4 days 
a SD Te A, OMe ass 
QndInstar | = 3 oe 
3rdInstar =| Oo 4tté‘(;;*«CSK; 
4thInstar | 3 £«| 6 
SthInstar | 4 | 6 
6thInstar | 5 | 12 
Pupa fate) 7 | 10 








Average 


4 days 





*All figures are from daily observations on 100 individuals. 


AGE OF 
LARVAE 


0 days 


30 


TABLE VIII. 
SUMMARY OF THE DEVELOPMENT OF Ephestia kuehniella BY WEIGHT. 


| 
NUMBER 
WEIGHEDt 


400 
160 
140 
100 
100 
60 
40 
40 
40 
40 


40 


AVERAGE | 
WEIGHT 
0.018 mg. 
045 
087 
185 
560 
1.420 
3. 345 
7.437 
15.050 
23.762 


20.485 





Standard 
Deviation 


0.00 days 
icin - 2 
28 
22 
33 
48 
1.50 


70 


STANDARD 
DEVIATION 


0.002 mg. 
016 
009 
027 
O87 
270 


330 


bh 
i) 
or 


+These figures indicate the number weighed in four group weighings. 





——_p—___ 
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WEIGHT STUDY. 


The development of Ephestia kuehniella by weight was 
followed by making careful weighings at three day intervals 
during the entire period of larval development. Table VIII 
gives a summary of the number of larve weighed, their age, 
and their average weight. 
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The larve used in this study were reared in wide mouthed 
bottles previously described. They were removed from their 
silken feeding tubes by means of two dissecting needles and 
were brushed free of flour dust before being weighed. The 
weights taken were made on groups varying from one hundred 
of the newly hatched larve to ten of the more fully developed 
individuals. Chart 3 shows graphically the actual weight 
increase. This ‘‘S’’ shaped curve resembles those plotted by 
Yagi (1926) in his study of the growth curves of Bombyx mori 
and Dixippus morosus, and those of Herms (1907) on Lucilia 
caesar and Sarcophaga sarracenia. 
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Part II. Tribolium confusum Duval. 


THE ADULT. 
The adults of Tribolium confusum are small reddish brown 


beetles measuring on the average 3.4 mm. in length and 1.02 mm. 
in width through the thoracic region. 


TABLE IX. 


SIZE OF THE ADULTS OF Tribolium confusum. 


| 


NUMBER OF BEETLES SIZE LENGTH WIpTH 
Minimum 3.15 mm. 0.85 mm. 
Maximum 3.83 1.11 
50 of each sex —_—___— — — 

Average 3.40 1.02 

ath tei oan : = 7 
Standard 

Deviation | 


0.14 mm. 0.05 mm. 


Immediately after emergence the average weight for the 
males was 1.48 mg. and for the females 1.78 mg. A summary 
of these weights is given in Table X. 


TABLE X. 


WEIGHT OF THE ADULTs OF Tribolium confusum. 





Deviation 


NUMBER OF BEETLES | WEIGHT MALES FEMALES 
| Minimum 1.40 mg. | 1.74 mg. 
bpd : et 
Maximum 1.55 1.88 
80 of each sex - - | — arene 
| Average | 1.48 1.78 
| Standard 
| | 
| | 


0.06 mg. 0.06 mg. 


The beetles mate soon after emergence and begin to lay 
almost at once. Out of twenty pairs mated eleven laid fertile 
eggs the following day and the remainder were all laying by 
the%end of the fifth day. A study of the exact number of eggs 
laid is very difficult because they are not easily located in 
the finely ground flour. Ten pairs of newly emerged adults 








os 
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were placed on a small amount of flour in shell vials 60 mm. 
high and 20 mm. wide in order to obtain an indication of the 
number of eggs laid by the number of larve produced. The 
pairs were placed on a fresh quantity of flour each day after 
which the flour from which the beetles had been removed was 
incubated ten days. At the end of this period the larve were 
removed and counted. It was found necessary to place the 
adults on a fresh quantity of flour each day because of their 
cannibalistic nature. The number of living larve at the end 
of ten days for a ten day period is summarized in Table XI. 


TABLE XI. 


NUMBER OF LARVAE REARED PER DAY FROM THE EGGs oF Tribolium confusum. 




















No. oF No. OF Day 
PAIRS LARVAE 
| 1{2/3|}4|5|/6|7|8|9{|10 
| Minimum 5| 8| 8| 9] 10| 4] 10] 8] 9] 9 
10 | Maximum 13| 16) 14| 12] 12] 15 18 | 18 | 16 | 18 





| Average 9} 10| 11 13| 10 | 13| 14/ 13| 14 
| | 


These figures are somewhat higher than those offered by 
Chapman (1918). The lower figures of Chapman were no 
doubt due to the destruction of eggs and young larve by the 
adult beetles. 

The duration of the egg laying period has not been deter- 
mined, but pairs in breeding jars were still laying fertile eggs 
at the end of six months. 

The sex of the beetles used in this study was determined 
during the pupal stage by specific characters on the genital 
segment (Chapman 1918). It was impossible to find any 
character by which the beetles could be separated during the 
adult stage. The sex ratio from a study of 500 individuals was 
46% males and 54% females. 

The adults of this species are long lived. Out of 40 unmated 
beetles reared from pupz, only one female had died at the end 
of 34 weeks. The newly emerged beetles are very resistant 
to starvation. Twenty beetles reared from pupz lived 12 days 
without any food except their dried pupal skins. 
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THE EGG. 


For experimental purposes the eggs of this species were 
obtained by placing several hundred adult beetles on a quantity 
of flour, that could be sifted through a 5XX bolting cloth. 


TABLE XII. 


SIZE OF THE EGGs oF Tribolium confusum. 


NUMBER OF EGGs SIZE LENGTH WIDTH 


Minimum 0.62 mm. 0.38 mm. 


Maximum 73 47 
| Average 64 40 

Standard 

Deviation 0.04 mm. 0.02 mm. 


At the end of twenty-four hours the beetles were sifted off 
with a wire screen (32 mesh per inch) after which the eggs were 
sifted off with the 5XX bolting cloth. When first laid the 
eggs are white in color and are covered with a sticky substance 
that causes particles of flour to adhere to them. This covering 


TABLE XIII. 


LARVAL MEASUREMENTS OF Tribolium confusum. 


HEAD CAPSULE 
WIpTHt 

Reese: | SE OU Bcc enessertnirtnenrennins ateniniloneny acini 

Days Average| Standard | average | Standard Weicutt 

a8 Deviation 8 Deviation 


LENGTH* 


.| 0.05 mm. 


0.18 mm.| 0.01 mm. 





0.028 mg. (100) 


oan 22 03 035 (75) 





.08 : O01 119 





.20 : O01 332 


44 Oe .04 1.09 
-70 é .03 2.40 


























* 50 individuals used. 
7100 individuals used. 
{Number weighed indicated in parentheses. 
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of flour makes exact measurements of the eggs difficult. Eggs 
brushed as free from flour as possible measured 0.64 mm. in 
length and 0.40 mm. in width. 


THE LARVA. 


The newly hatched larve of this species measure 1.18 mm. 
in length and 0.18 mm. in width across the head capsule. At 
this time the newly hatched individuals weigh 0.028 mg. They 
are white in color and remain so until their first molt after which 
they become a pale yellow in color. Table XIII gives the 
length, weight, and head capsule measurements for this species. 

The larva reaches maturity at the end of about eighteen 
days and then pupates in the material on which it has been 
feeding. 


THE PUPA. 


Immediately after pupation the pupa is white in color. 
This color is retained through half of the pupal period after 
which the pupa turns a pale yellow finally becomes almost 
brown just before emergence of the adult. The pupa measures 
3.46 mm. in length and 1.12 mm. in width across the dorsal 
surface of the head. There is a slight difference in the size 
of the two sexes. The average for the males is 3.47 mm. for 
the length and 1.11 mm. for the width. The females average 
3.74 mm. for the length and 1.11 mm. for the width. 




















TABLE XIV. 
PupAL MEASUREMENTS FOR Tribolium confusum. 
NUMBER MEASURED SIZE LENGTH WIDTH 
Minimum 3.23 mm. 1.02 mm. 
Maximum 4.25 1.19 
25 of each sex ———_—_- |} ——_—_—_— —|— — 

Average 3.46 1.12 
Standard 

Deviation 0.23 mm. 0.56 mm. 





THE LIFE CYCLE. 


The technique used in working out the life cycle of Tribolium 
confusum was much the same as that used in the studies on 
Ephestia kuehniella. The following data are the result of 
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observations and measurements made during the life cycle of 
one hundred beetles reared from the egg to the adult stage. 

The Egg.—With the technique described for Ephestia the 
incubation period of the eggs was found to be 5.5 days. 

The Larva.—The larve of this species were reared under 
the same conditions and with the same technique as described 
for Ephestia kuehniella. The individual larve could easily 
be obtained for examination by pouring the grain containing 


TABLE XV. 
LENGTH OF THE STADIA OF Tribolium confusum. 





LENGTH OF STAGES* 





Standard 
Minimum Maximum Average Deviation 


5.5 days 0.00 days 


Egg 5.5 days 5.5 days 


lst Instar 2 





2nd Instar 


3rd Instar 


4th Instar 
5th Instar 


6th Instar 


Pupa 

















*All figures are from daily observations on 100 individuals. 


them upon a piece of paper. The larve will usually remain 
fast to the paper allowing the grain to be poured away from 
them. The length of the life cycle of this insect was little 
influenced by the handling they received. No difference could 
be noted in the emergence time of the insects which were 
handled and those which were not. Emergence studies on 425 
individuals showed a maximum variation of five days for their 
emergence time. With this technique the larve were found to 
have five molts up to the time of pupation. The average 
length of the life cycle was 29 days. 

The Pupa.—Under the conditions described above the 
average length of the pupal stage was 6 days. Table XV and 
Chart 2 give a summary of the length of the various stages in 
the development of this species. 
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WEIGHT STUDY. 

The development of Tribolium confusum was followed by 
making careful weighings at three day intervals up to the 
fifteenth day of the larval period after which daily weighings 
were made. Table XVI and Chart 4 give a summary of the 
development of this insect by weight. 
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The larve used in this study were reared in wide mouthed 
bottles 70 mm. high and 20 mm. wide at the base. Each 
larva was carefully brushed free from flour before being 
weighed. The caterpillars were weighed in groups varying 
from 100 of the newly hatched larve to 20 of the nearly mature 
individuals. 

TABLE XVI. 
DEVELOPMENT OF Tribolium confusum BY WEIGHT. 


WEIGHT 





AGE oF LARVAE No. or LARVAE* | | Standard 
Average Deviation 


0 days 400 0.028 mg. | 0.006 mg. 


3 300 0.035 


6 200 
9 140 
12 80 


15 80 


16 80 


17 80 


18 80 2.4: 02 








*These figures indicate the number weighed in four group weighings. 


SUMMARY. 
1. The growth and development of Tribolium confusum 
and] Ephestia kuehniella was followed in four ways: 
(a) By a detailed study of the length of each instar, 
(b) By weights made at three-day periods during the period of 


larval development, 
(c) By measurements of the length of the larvae near the end of 


each instar, and 
(d) By head capsule measurements of each instar. 


2. The life history of 100 individuals of each species was 
determined under controlled conditions of 73% relative humidity 
and a temperature of 30° C. Under these conditions the larva 
of Ephestia kuehniella was found to have five molts up to the 
time of pupation. The length of each stadium in days is as 
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follows: egg, 4; Ist instar, 6; 2nd instar, 4; 3rd instar, 4; 4th 
instar, 4; 5th instar, 4; 6th instar, 7; pupa, 8. The larva of 
Tribolium confusum also passed through five molts up to the 
time of pupation. The average length of the stadia was: 
egg, 5.5; Ist instar, 2; 2nd instar, 3; 3rd instar, 3; 4th instar, 
3; 5th instar, 3; 6th instar, 6; pupa, 6. 

3. Emergence studies showed the average length of the life 
cycle of Ephestia kuehniella to be 41 days with the emergence 
scatter covering a period of 16 days. The average length of 
the life cycle of Tribolium confusum was 29 days with the 
actual emergence scatter covering a period of five days. 

4. In weight Ephestia kuehniella was found to increase from 
0.018 mg. at hatching to 23.7 mg. at the end of the period of 
larval growth. Tribolium confusum increased from 0.028 mg. 
at hatching to 2.42 mg. at the end of the larval growth period. 
Adult females of Ephestia kuehniella weighed 15.7 mg.; adult 
males 11.5 mg. Adult males of Tribolium confusum weighed 
1.48 mg.; adult females 1.78 mg. 

5. The length of the two species taken by instars showed an 
increase from 0.87 mm. to 12.6 mm. for Ephestia kuehniella and 
an increase from 1.18 mm. to 6.00 mm. for Tribolium con- 
fusum. 

6. LEphestia kuehniella was found to lay on the average of 
187 eggs over a period of eight days. Tribolium confusum 
averaged ten eggs per day but the length of the oviposition 
period was not determined. 
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HOST SELECTION AND CANNIBALISM IN THE BED BUG 
CIMEX LECTULARIUS L. 


EZEKIEL RIVNAY, 
Washington, D. C. 


In a paper on the tropisms of the bed bug the author (1930), 
stated that the heat is the only stimulus which attracts the 
bug to its host—man. Furthermore, he found that’ every 
warm object calls forth such reactions, and that these reactions 
depend upon the difference between the temperature of the 
object and that of the immediate environment of the bed bug. 
If this is true, one would expect that any warm-blooded animal 
would equally attract this creature, and that it would readily 
feed upon any host without discrimination. The discussions 
in the literature dealing with this subject tend to support this 
view for we find long lists of animals and birds upon which 
the bed bugs have been found feeding. According to Martini 
(1923), the following hosts have been recorded: Mamalia: 
Bat, cat, calf, dog, guina pig, hare, mouse, rat, monkey and 
rabbit. Aves: Duck, goose, hen, pigeon, sparrow, starling and 
swallow. Several authors believe, however, that these animals 
or birds are attacked only in emergency—when human blood 
is not obtainable, and should a human being be available, the, 
bugs would attack man rather than animal. If this assumption 
is correct, the theory advanced in the beginning regarding 
thermotropism is false—for then one would expect that some 
other stimulus present in man and lacking in other animals is 
the alluring agent. In an attempt to throw light upon this 
subject the author made a study, the results of which are given 
herewith: 

The specimens used in this study belonged to the progeny 
of females obtained from an old mattress, and from the cages 
of rodents reared in the Pharmacological laboratory of the Food, 
Drug and Insecticides Administration at Washington. Adult 
bugs were kept separately in small vials 1.5 cm. in diameter 
and 15 cm. long or in small test tubes 1 cm. in diameter and 
10 cm. long. A piece of blotting paper was placed inside 
these to provide a foothold for the bugs and to reduce the 
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humidity. The individual bugs were labeled with Arabic 
numerals—e.g.: Female 3; male 9; etc. The progeny of a 
female, the eggs of which were laid in a period between one 
feeding and another, were labeled with the same numerals but 
an additional Roman letter was added to identify the indi- 
viduals—e.g.: 20A, 20B, etc. By this labeling method it was 
not difficult to keep records of parentage and offspring during 
the course of the study. Individual records of feeding, molting, 
mating, egg laying, etc. were kept in most cases. 


FEEDING EXPERIMENTS OF BUGS UPON 
WARM BLOODED ANIMALS. 


Several feeding experiments were carried on wherein bugs 
collected in cages of rodents, were fed upon man and those 
collected in infested mattresses were fed upon rodents. Similar 
experiments were carried on also upon the progeny of these 
insects and extended over a period of about four months, 
including the offsprings to the fourth generation. The hosts 
upon which they were fed were rat, guina pig, cat, rabbit, 
pigeon and canary. During all this time the author never 
observed any marked tendency showing a preference of one 
host over another. Seldom did any of the bugs hesitate to 
attack any of the animals or birds. Even those that had been 
fed the day before approached them quite freely. Often a 
meal was given to one individual from two different kinds of 
hosts. Thus, to quote my notes, ‘‘On June 19, nymphs 9A 
and 9B fed part of their meal on a cat, and completed it on a 
rat; both molted June 25. On June 25, larva 1B fed part of 
her meal on a pigeon and part on a rat; she molted June 30.” 
In several cases, while handling these animals the hand of the 
author was as near to the bugs as the skin of the. experiment 
animal, yet they seldom showed any preference to the hand. 
This was the case with all insects whether they were bugs 
reared on human blood or of those reared on animal blood. 

Summarizing the results of all the experiments throughout 
this period we may say that the bed bugs show no preference 
in selecting the host. This is due to the fact that heat alone, 
and nothing else, is its guiding agent to its prey. 
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THE FEEDING EXPERIMENT ON COLD-BLOODED VERTEBRATES. 


The question might arise: If the heat radiating from the 
animal is the only guiding agent of the bug to its host, how was 
it possible for Chatton and Blanc, (1918), to feed Cimex lectu- 
larius L. upon cold-blooded reptiles, such as the gecko, chame- 
leon, Gongylus ocellatus, and even upon the amphibian Rana 
temporaria? Before explaining this, let us review first the 
experiment of those authors. Chatton and Blanc, (1918), 
placed a gecko in a narrow test tube so that it could not move, 
and also ten bugs of various ages together with it. They 
prepared twelve such tubes, five of which were placed in darkness 
at ordinary room temperatures (lot A), two were left in day- 
light at ordinary room temperatures (lot B) and the remaining 
five were placed in an incubator at 37° C. (Lot C). Half an 
hour later they were taken out and examined and the following 
were the results: 


LorB. LotcC. 


Temperature rc. rc. rc 
Light condition Light Dark 
Number of bugs in Exp 5 20 50 
Number of bugs fed 2 12 37 
Percentage of bugs fed 8% 60% 74% 


These results indicate that light conditions did not effect the 
feeding desire of the bugs or at least did not hinder their feeding. 
We see also that a greater percentage of bugs fed at a high 
temperature than at a lower one. However, these results 
apparently do not agree with the thermotactic theory given at 
the beginning of this paper. In the first place, in the case of 
Lot A and Lot B, why did the bugs feed on the gecko at a 
temperature of 19°C. Was there a difference in the temperature 
of the gecko and that of the immediate environment of the bug? 
Then in the case with Lot C, when the temperature of the 
gecko was raised to 37° C., also the temperature of the immediate 
environment of the bugs was raised to that degree and thus 
there was apparently no heat current to stimulate the thermo- 
tactic reactions. In order to check the above results the 
author carried out the following feeding experiments: 

Adult bugs, quite hungry, were placed upon the snakes, 
Natrix sipedon and Diadophis punctatus, but they made no 
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attempt to attack these reptiles, although they were left with 
them for some time. One of the snakes was in a glass con- 
tainer and quite moist and this may have caused the negative 
attitude of the bugs, but the other snake was in a dry box and 
yet’ no positive reactions were observed. The same procedure 
was carried on with the lizard, Eumeces fasciatus, but they 
did not attack it. It was evident, therefore, that reptiles at 
ordinary room temperature and under natural conditions do 
not attract the bed bugs. 

I then held the lizard, Eumeces fasciatus, in my hand, and 
stretched out one of its legs against a few bed bugs. They 
attacked it. The same thing occurred when I placed a slightly 
heated forceps near one of the legs of the lizard. In these two 
cases the bugs did not succeed in piercing the skin of the lizard. 
It is clear, however, that when a reptile’s temperature is raised 
somehow above the room temperature, the bed bugs do not 
hesitate to feed upon it. 

The same lizard, Eumeces fasciatus, was used to carry on an 
experiment similar to that described by Chatton and Blanc. 
I placed it in a small vial with 5 larve of the third instar. 
Immediately upon my placing them there, they began to attack 
the lizard and within ten minutes four of them were feeding 
on the tender skin between the toes of the hind foot. After 
twenty minutes all four were engorged with the blood of the 
lizard. The fifth one made several futile attempts to pierce 
the skin of the lizard but without success. This feeding 
experiment was repeated successfully several times. 

The following heat measurements explain the results 
obtained above: . 

With the aid of a thermocouple and potentiometer, I 
recorded the temperature in the immediate vicinity of the 
reptile, about 5 mm. over its back in comparison with the 
ordinary room temperature. Two series of measurements were 
made: (a) when the reptile was not enclosed in the narrow 
vial; and (b) when the reptile was enclosed in a narrow vial. 

In the first case the difference between the room temperature 
and that of the immediate environment of the lizard was very 
small. In the latter case the difference was quite marked. 
When the reptile was free, a difference of 0.04 millivolts or 
about 1° C. was recorded. When the reptile was enclosed, its 
heat was preserved in the immediate environment so that a 
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difference of 0.13 millivolts or about 3° C. were shown above 
the room temperature. In his paper on the tropisms of the 
bed bug, the author has shown that the difference between the 
temperature of an object and that of the immediate environ- 
ments of the bug must be at least 2° C. before any reactions 
may take place. Bearing this in mind we can understand why 
the bugs failed to attack the reptiles when they were free and 
did not hesitate to attack them when they were enclosed in a 
vial. Furthermore, the experiments show that even with 
reptiles heat is the only agent stimulating the bugs to feed. 

Summarizing these experiments and including a few thigmo- 
tactic and hygrotactic reactions which I observed in bed bugs 
in their attempt to feed upon reptiles, I would say that C. 
lectularius L. under natural conditions does not attack cold- 
blooded vetebrates for the following reasons: 

(1) The temperature of cold-blooded vetebrates varies with 
that of the environment and is very slightly above it. The 
difference between the two, however, is not sufficient to attract 
the attention of the bugs. 

(2) The surface of reptiles is covered with scales and in 
addition to the physical difficulty in piercing those scales, the 
bugs will not attempt to do so because of the smoothness of 
their surface. 

(3) The surface of many amphibians is moist, and the bed 
bugs will not attack these because of their negative hygrotaxis. 

When these difficulties are removed, namely, when the heat 
which the reptiles give off is preserved, or their temperatures is 
artificially raised far beyond that of the environment; when a 
scaleless surface is offered to them such as between the toes 
or joints; and when the moisture is removed, the bugs freely 
feed upon these animals as the experiments of Chatton and 
Blanc and of the present author have shown. 


CANNIBALISM. 


A great deal has been written regarding cannibalism in 
Cimex, and while early authors believed that bed bugs did 
attack each other in case of emergency, when no other food is 
available, later authors deny this phase in the feeding habit 
of the bug and consider this as impossible. Quoting De Geer, 
(1773), we read as follows: ‘‘ce n’est sans doute pas leur unique 


nourriture n’ayant pas toujours occasion de se rassasier de sang 
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humain. Elle s’entertuent quelquefois et se sussent les unes 
les autres, les plus faible ou les jeunes devenant la proye des 
plus fortes, comme j’en ai eu l’experience sur celle que j’avais 
rassemble dans un poudrier.’’ Recent authors consider this 
as an inaccurate observation, because they never observed it 
to take place. 

If heat is the sole stimulant awaking the feeding appetite 
in the bugs, why should they not attack one of their own when 
the stimulus comes from that source? The present author 
succeeded in making one of the bugs feed upon another as 
follows: 

A larva in the second instar was fed upon the arm of the 
author. It was then held carefully in a dish between the tips 
of a fine forceps which were slightly heated against a lamp to 
about 30° C. This temperature was maintained by the heat 
of the hand. In the dish there were 2 larve of the third instar 
recently molted and ready to feed. Attracted by the heat, 
the two approached the forceps and began to stroke the metal 
tips with the probosces. Soon they began to stroke in the 
same manner the body of the captive larva. The chitin of 
the latter was too smooth and therefore they did not attempt to 
pierce it. This stroking continued for several minutes because 
the heat conducted from the hand to the tips of the forceps 
exerted a continuous influence upon the two hungry insects. 
Finally one of the bugs happened to strike upon the mem- 
brane connecting the metasternum and the coxa of the left 
hind leg of the captive insect, and with a few darts pierced this 
membrane as well as the wall of the digestive tract. Very 
soon, without warning, I saw the blood being pumped from the 
captive bug into the tract of the attacking one. This did not 
continue for a long time because a movement of the captive 
bug forced the attacker away. 

The author made several similar attempts before and also 
afterwards but never again did any of the bugs succeed in pierc- 
ing the chitin or membrane of the captives, although in every 
case they continuously stroked the surface of the same. 

Under natural conditions ‘‘cannibalism’’ may take place 
immediately after feeding of a bug. Then the blood which 
has been ingested is still warm and, no doubt, radiates heat 
through the body walls of the insect. Other bugs that may 
be in the environment of a recently fed bug may thus be stimu- 
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lated to attack it. A few times the author observed how 
hungry larve follow one of their own, right after it had been fed. 
A normal and active bug would naturally show resistance 
upon such attempts from the part of members of its kind. 
Often, however, it happens that a bug is somehow crippled 
after its meal. At times the digestive tract of a bug bursts 
during its meal or immediately after it. Upon this the ingested 
blood fills the coelomic cavity and hinders the activities of the 
creature until it finally dies. Bugs in such state may be 
attacked by others. A larva in this condition happened to 
be placed in a petri dish together with other bugs. On the 
following day the posterior half of the abdomen was dried and 
shrunken whereas the rest of it was normally soft and filled 
with darkened blood. The creature had been probably attacked 
by another bug. 

In view of these observations the author is inclined to sup- 
port the statement made by De Geer (1773), regarding can- 
nibalism in bed bugs. 
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PAUROPODA FROM NORTH AMERICA. 


WILLIAM A. HILTON, 
Department of Zoology, Pomona College, Claremont, California. 


Members of this group have been considered as representing 
a distinct class of Arthropoda. I am inclined to agree with 
this interpretation although Hansen, ’01, who has done so much 
careful work in this field prefers to keep them as an order. 

Sir John Lubbock was the first to recognize these little 
eighteen-legged centipede-like animals and described two species 
from his English collection in 1867. Packard in 1871 described 
a new species from Salem, Mass. Ryder in 1879 described a 
new species of Eurypauropus, a new genus erected by him and 
mentioned the two species given by Lubbock. These were 
found in Fairmount Park, Philadelphia. Latzel divided the 
group into two families and named some new forms. Schmidt 
in 1895 considered the anatomy and Kenyon in the same year 
considered internal and external structures and gave a summary 
of classification. In Russia, Tomosvary, 1884, in Hungary, 
Daday, 1889, Silvestri in Italy, 1894 and Attems 1895 in Austria, 
all have described new species. Haase in Germany in 1885 
and Berlese and others have also done something with the 
group. Cook in 1896 divided the group into three orders and 
listed fifteen species, several of which were given as new. Three 
new genera were given and the genus Stylopauropus was accepted _ 
by Hansen. Perhaps the most important paper is by Hansen 
in 1901. The last author has the most extensive monograph 
in which a number of species are described from Europe and 
many other parts of the world. Bagnall, 1908-1918, has a 
number of short papers on the distribution of these animals 
in the British Isles, chiefly England and Harrison describes new 
forms from New South Wales. 

So far as I know the only references to the distribution of 
Pauropoda in North America are the papers of Packard, Ryder 
and Kenyon in the eastern United States, the paper of Cook 
dealing with Long Island and Indiana forms and my own 
records from California in 1927. Williams and Hefner report 
them from Ohio in 1928. 
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I have now collected material from a number of distant 
localities in North America and the present paper is a partial 
report of the group from my collections during the past two 
years. Many more localities were searched than appear in 
these records, but conditions are not always the best when one 
has the opportunity to search. 

In the description of the forms at hand I have tried to pick 
out differences that can be recognized as well as certain others 
that are not so striking but with the stress upon the former. 
With my material I find that there are many characters used 
by Hansen that seem. to be too variable. I find also that 
certain characters are better for some individuals. These forms 
were not easy to study. I found it necessary in many cases 
to use caustics to clear the specimens, and by such severe 
methods with such delicate creatures I feel certain that no 
important skeletal structure escaped me. The antennz are 
remarkably constant within a small group, the distribution of 
the long sense hairs and their general proportions are also quite 
uniform. There is a certain amount of variability in the smaller 
body sete between the larger groups and there is a certain 
amount of variability in the adult length. 


FAMILY PAUROPODIDA, LuBBOCcK 


Pauropodide, Lubbock. Trans. Linn. Soc. 26, 1867. 
Ryder. Amer. Nat. 13, 1879. 
Pauropoda agilia, Latzel. Verhndl. d. zool.-bot. Ges. Wien, 23, 1883. 


| Pauropodide, Bollman. Bul. U. S. Nat. Mus. 46, 1893. 


Pauropodide, Hansen. Vid. Medd., 1901. 


The body is four or more times as long as wide with the legs pro- 
jecting laterally. The head and upper thoracic region are quite narrow. 
The head is free and uncovered above. Usually there are four rows of 
hairs on its upper side and often the last row is near the posterior margin 
of the head. The body has six terga very slightly chitinized. All 
but the first terga have eight hairs, according to Hansen, but I have 
found many variations. The five pairs of tactile sete are inserted 
inside the lateral, margins of the terga; the last pair is the longest. 
The legs have the central claw moderatly long or rather short with a 
proximal pad or empodium. In front of this is another claw with a 
pad on its lower margin. A small posterior claw may have a pad and 
may be very poorly developed on the last leg. 


The character of the claws and the distribution of the small 
dorsal setz are from Hansen, but I have found exceptions in my 
material. 
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Pauropus Lubbock. 


Pauropus, Lubbock. Trans. Linn. Soc. London, 26, 1867. 
Ryder. Am. Nat. 13, 1879. 
Latzel. Ges. Wien, 33, 1883. 
Kenyon. Tufts College Studies, 4, 1895. 
Hansen. Vid. Medd., 1901. 


The most easily recognized characters are in the antenne. 
The joint bearing the single flagellum is usually longer than the 
one bearing two branches. One of the two branches last 
mentioned is usually shorter than the other. The globulus is 
never shorter and generally much longer than its stalk. Accord- 
ing to Hansen also the sternum of the anal segment has at least 
two and usually three pairs of sete. I have not always noted 
this. 


Pauropus californianus n. sp. (Figure 1.) 


Length .88 mm.; width of the head, .08 mm.; width of body, .16 mm. 
The head has three rows of hairs dorsally, six in the first two rows 
and four in the last. The eye areas are rather small. The first body 
segment has two rows of hairs dorsally with four in each row. The 
second segment is similar. The third and largest segment has six in 
the first row, 2 in the second and four in the third. The 4th body 
segment is about as large as the last with three rows of hairs dorsally 
and with two in each row. The 5th segment has from one to two rows 
of hairs with four hairs in all. The last segment has four hairs above 
and nine below with one much larger pair. 

The plume-like sensory hairs are all .O8 mm. long, but the last 
which is .12 mm. in length. 

Ventral hairs are poorly developed but a series of spines was found 
between all the leg pairs but the last. Between the first legs the spine 
is long, curved and pointed, between the second it is conical, between 
the third it is small, between the 4th it is small and conical, between the 
fifth it is rounded, between the 6th it is truncated and between the 
eighth leg pair it is long and conical. 

Antenna. Length, .12 mm., the base is .04 mm. long. The ramus 
bearing the globulus slightly shorter than the other. Longer flagellum 
of the globulus branch nearly as long as the flagellum of the globulus 
lacking ramus. The globulus is almost sessile and nearly spherical. 
The basal part of the antenna has a long hair, the second joint has two 
small hairs and the third joint two small ones while the fourth joint 
has a long hair. 

Legs. They are nearly equal in length. Beginning with the first 
leg they are as follows: .08 mm.—.085 mm.—.09—.09—.085 mm.—.85— 
.085—.12 mm. There are five segments in each of the first and last 
pairs of legs. All the other legs but the first and last pairs have six 
segments. The claws are small. Small club-shaped hairs are found 
on the basal segment of all the legs. The length of the joints of the 
legs are as follows, beginning with the longest joint: 
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First leg: 5-4-3-2-1. Second leg: 6-4-3-2 (1-5). Third leg: 
6-2-4-3-1-5. Fourth leg: (6—-2)—-(8-4)-1-5. Fifth leg: 6-2-4-3-1-5. 
Sixth leg: (6-2-3-4)-5-1. Seventh leg: 6-4-2-3-1-5. Eighth leg: 
6-4-3-2-1-5. Ninth leg: 5-4-3-2-1. 


The above description was from a male specimen which 
was used as the type and now in the Pomona College collection. 
It with others was collected in the College Park. Other 
specimens obtained in the same locality differ in minor details, 
but the distribution of the dorsal hairs and general character 
of the antennz are much the same in all. 


One specimen had legs of the following lengths: First leg and second 
.09 mm.; third and fourth, .10 mm.; fifth, .11 mm.; sixth, .10 mm.; 
7th, .06 mm.; 8th, .06 mm.; ninth, .09 mm. The length of the joints 
also differed slightly. 

Specimens obtained a mile away seemed the same species. One of 
these was .64 mm. in length with the head .045 mm.’ broad, the body 
at the broadest, .10 mm. The total antennal length was .08 mm. 
The first pair of legs was .06 mm. in length and the last .09 mm. The 
last tactile plume sense hair was .09 mm. in length. 

Another specimen was .74 mm. in length and another some four 
miles away was slightly different. An adult from the South Hills 
near Pomona for instance was .8 mm. in length with the length of the 
legs as follows: First leg, .06 mm.; second, third, and fourth, .065 mm.; 
sixth, 7th, Sth all 10 mm.; ninth, .12 mm. In this the arrangement of 
the dorsal hairs was slightly different. On the head there were two 
rows, one with four and the posterior with six hairs. The first body 
segment has one row of three hairs. The third body segment has 
three hairs on each side instead of four. The fourth has two rows, 
the first of five and the second of four hairs. The fifth has two rows, 
the first of four hairs the second of two. The sixth has two rows, the 
first of four hairs and the second of two. 


In all these specimens collected within a radius of four miles 
there are slight variations, but all agree in antennal characters, 
in caudal hairs as well as in general proportions, but not in size. 

Among the specimens in the last locality one specimen was 
found with six pairs of legs. Its length was .56 mm. and with 
a head width of .05 mm. and body width of .01 mm. 

A distinctive feature of the species is the simple anal plate. 


Pauropus medius n. sp. (Figures 2 and 4.) 


Length 1.28 mm. Greatest width, .16 mm. 

The head has two rows of hairs of four each. The first body seg- 
ment has one row of four hairs. The second body segment also has 
one row of four hairs. The third segment has three rows of two hairs 
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each. The fourth has three rows of hairs each of two hairs. The 
fifth segment has two rows, the first of four, the second of two hairs. 
The sixth has three rows of hairs with three hairs each. The eye areas 
occupy about one-third of the lateral margin of the head. 

The first plume sensory hairs is .10 mm. in length, the second is 
.14 mm., the third is .16 mm. and the last is .28 mm. 

Antenne are .2 mm. in length of which the basal part is nearly 
half as long. The non-globar ramus of the antenna slightly longer 
than the ramus of the globus division. Between the basal joints of the 
two rami is a small globular body. One flagellum of the globular 
division of the antenna is shorter than the other. The globus itself 
is small with a very little stalk. 

Legs with five joints in the first and ninth legs, but in the last legs 
the terminal joint is almost divided into two. Tarsal claws are moder- 
ately heavy, especially the ninth pair. There are spatulate hairs on 
the basal joints of upper legs but forked hairs on the two basal joints 
of the ninth legs. 

The length of the legs is as follows: 

The first is .11 mm. long; the second is .12 mm. long; the third is 
.13 mm. in length; the fourth and fifth are .14 mm. in length; the sixth 
is .16 mm.; the seventh is .14 mm.; the eighth is .18 mm.; the ninth is 
.28 mm. The proportions of the first leg are as follows beginning with 
the longest joint in each case. The joints of the first leg are: 2—5-3—1+4. 
The joints of the eighth leg are: 3-4-6-2-1-5. The joints of the 
ninth leg are: 5-4-3-2-1. 


Some of the distinctive features of this species are the club- 
shaped hairs of the upper legs, the long ninth pair of legs, the 
rather large tarsal claws and the globular lobe between the two 
joints of the antenne. The partial division of the last joint 
of the ninth legs should also be mentioned. The caudal region 
is not particularly distinctive at first sight, but on closer 
examination there are found three dorsal and three ventral 
setze of moderate length and in a slight lobing on the ventral 
side in the middle line are two rather remarkable compound 
spines, the outer ramus of each one being pointed and the 
inner ramus truncate with a minute oval jointed tip as shown 
in the figure. No such structure was found in the previously 
described species, where the ventral plate was in no way 
remarkable. 

This species was determined from specimens from Temiscal, 
California. 

The type, a female, is in the Pomona College collection. 

Several specimens were collected in December 3, 1927. 
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Pauropus santus n. sp. (Figure 5.) 


Length 1.06 mm. Head width .08 mm. Widest part of the body, 
.16mm. The head bears ten short hairs of which four are more medial 
and two pairs of three each are lateral. These hairs are banded. 

The first segment of the body seems to be free of hairs above. The 
second body segment bears two hairs. The third body division has 
two rows of hairs, the first or more cephalic of four, the second of two 
hairs. The third and fourth segments have each two rows of two hairs. 
The sixth body division has three rows of two hairs each. The caudal 
region above shows six rather long hairs. Below the anal plate bears 
four rather long hairs. It is notched on each side to a moderate degree 
and in each notch is situated a small compound spine composed of three 
lobes. 

The Antennz are much as in other members of the genus with the 
flagellum of the non-globus-bearing branch slightly longer than the 
longest division of the globulus-bearing division. The shorter flagellum 
of this last branch is about one-half the length of the longer ramus. 
The globulus is small and almost without stalk. There are prominent 
hairs on each antennal segment and on the basal globulus segment. 
The eye areas are quite large. They make up about one-half the lateral 
margin of the head. 

Several of the legs are of the following lengths: 

The first leg, .OS8 mm.; the second leg is .10 mm. long; the eighth 
leg is .12 mm. in length; the last leg is .16 mm. in length. The claws 
are fairly prominent on the first and last legs and not quite so marked 
on other legs. 

The hairs on the basal joints of all legs are slender and biramous 
on the last pair of legs. 

The plume hairs of the body are all .OS mm. in length except the 
last and it is .12 mm. long. 

The leg proportions for several legs are as follows: In each case the 
longest joint is mentioned first. First leg, 5-(4-3-2)-1; the second 
leg, 6-3-4-—2-1-5; the ninth leg, 5-2-3-4-1. 


Specimens were collected at Santa Cruz Island, California, 
April, 1929. 

The above description is from a female which serves as the 
type. In the Pomona College collection. 


Pauropus indigenous n. sp. (Figure 3.) 


Length .69 mm.; width of the head, .0O7 mm.; width of the body at 
widest point, .12 mm. 

The head has two rows of hairs with four in each row. The first 
body division has one row of six dorsal hairs. The second body seg- 
ment has two rows of hairs dorsally with six in each row. The third 
body segment has two rows of hairs with six and four hairs. The 
fourth dorsal region has three rows of hairs with 4, 6 and 2 hairs. The 
fifth body segment has three rows of hairs with four hairs in each row 
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dorsally. The sixth dorsal segment has two rows of hairs with four 
in each row. The caudal region has three pairs of nearly terminal 
hairs, the central of the three pairs being longer. The anal plate 
below shows a slight undulation with two minute central hairs and a 
minute fateral hair on each side. There is also a more lateral larger 
pair which was counted in the three pairs of rather large terminal hairs. 

The head has a pair of rather large plumose hairs below. The 
antennz do not differ from those last described in any way. 

The long plumose setz are of the following lengths: First hair, 
.O8 mm. long; the second hair, .12 mm. in length; the third and fourth 
hairs, .14 mm. in length; the fifth hair, .15 mm. long. 

Legs. The first and last pairs are five-jointed, all the rest are six- 
jointed. There are slender hairs on the two basal joints of the upper 
legs and slender forked hairs on the two basal joints of the ninth leg. 
In length the first leg is .12 mm. long; the eighth is .17 mm. and the 
ninth is .16 mm. long. The leg proportions are as follows beginning 
with the longest joints in each leg: First leg, 2-3-4-5-1. Second leg, 
6-2-3-4-1-5. Third leg, 2-6—4-3-1-5. Fourth leg, 3—4—2-6—1-5. 
Fifth leg, 2-6-3-4-1-5. Sixth leg, 2-3-4-6-1-5. Seventh leg, 2-3—4— 
6-1-5. Eighth leg, 2-3-4-6-1-5. Ninth leg, 5-(3-2-4-1). The 
claws of the legs are moderately developed. There is a small curved 
ventral spine between the second pair of legs. 


Several specimens from Indian Hill, near Claremont, 
California. The type is a female in the Pomona College 
collection. 


Pauropus quercus n. sp. (Figure 6.) 


Length .64 mm. Proportions about as usual for the genus. Head 
with three rows of small hairs, the first row with six, the second row 
with six and the third with two hairs. 

The body divisions above have the following distribution of small 
hairs: 

First segment with two rows of four hairseach. The second segment 
also dorsally has two rows of hairs, the first with four, the second with 
six hairs. The third dorsal segment has three rows of hairs, the first 
with two, the second with four and the third with four hairs. The 
fourth dorsal division has two rows, the first with two and the second 
with four hairs. The fifth segment has three rows of hairs, the first 
with four, the second with two and the third row also with two. The 
sixth dorsal segment has four hairs in a row on its caudal edge, all of 
which are quite long. 

The anal plate is not very distinctive. There are two pairs of 
rather long dorsal hairs and two pairs of more ventral ones. The more 
lateral of the ventral hairs is thicker than the others and with a thick 
basal joint. 

The antennz are much as in the first species described, there is no 
distinctive feature. Their total length is .09 mm. of which the basal 
joint makes up .04 mm. 





772 Annals Entomological Society of America {[Vol. XXIII, 


The lengths of the legs are as follows: 

First leg, .06 mm.; second, .06 mm.; third and fourth, .07 mm.; 
fifth, .08 mm.; sixth, .0S mm.; sixth, .08 mm.; seventh, .0S mm.; eighth, 
.OS mm.; ninth, .09 mm. 

The proportions of the legs are as follows beginning with thé longest 
joint in each case: First leg, 5-4—2-3-1. Second leg, 6—(3-2-4)-1-5. 
Third leg, 6-4-3-2-1-5. Fourth leg, 6-4-3-2-1-5. Fifth leg, 4-6-3-2 
1-5. Sixth leg, 2-38-6-1-5. Seventh leg, 2-4-3-6-1-6. Eighth leg, 
2-4-3-6-1-5 Ninth leg, 5-5-3-2-1. 


The feet are as in P. californianus and in many respects it 
resembles this species, there are, however, no ventral spines as 
in this species. 

The distinctive features of this species are in the anal 
region, the jointed pair of caudal hairs and the total lack of 
ventral hairs or spines. 


Pauropus globulus n. sp. (Figure 7.) 


Length .64 mm. General proportions as typical in the genus. 
Antennz much as in other members of the genus but with a distinctive 
globular joint slightly smaller than the globulus. 

The dorsal setz are as follows: 

The head has three rows of hairs; the first with four, the second 
with six and the third with two. The first body segment has one row 
of two hairs on each side or four in all. The second division of the 
body has one row of four hairs. The third body segment has two rows 
of two hairs each. The fourth segment has two rows of hairs, the more 
cephalic of these has four hairs, the more caudal has two hairs. The 
fifth dorsal body division has one row of four hairs. The sixth dorsal 
segment has one row of two hairs. 

The anal segment was not clearly seen in any of the specimens but 
it seemed to be provided with two central shorter caudal hairs and two 
longer lateral hairs to these. 

The lateral sensory setz were as follows: 

The first or more cephalic was .06 mm. in length; the second was 
.05 mm.; the next was .06 mm. long; the fourth was .05 mm. long and 
the last was .09 mm. long. 

It was difficult to measure the length of legs but the proportions of 
the joints were as follows, beginning with the longest joint in each case: 
First leg, 5-4-3-2-1. Second leg, 24-6-3-1-5. Third leg, 2-3-4-6 
1-5. Fourth leg, 6—(2-4-2)-1-5. Fifth leg, 6—-(2-3)-1-5. Sixth leg, 
2-6-4-3-1-5. Seventh leg, 6-4-3-2-1-5. Eighth leg, (6—4-3-2)-1-5. 
Ninth leg, 5-4-3-2-1. 

The basal joints of the legs have slender hairs. The second joint 
of the ninth leg has a single hair but the first basal joint has a double 
hair both branches of which are slender. There is a long hair on the 
fourth joint of the ninth leg and this hair reaches beyond the last 
joint of the leg. The tarsal claws and hairs are about as usual. 
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Several specimens were collected at Mountain Meadows, 
a few miles from Claremont, and because of the use of caustics 
all are in bad condition. Further study may show other 
characters not seen in these specimens at present. Distinctive 
feature, the globular basal joint of the globulus. Description 
from a female, now an imperfect specimen in the Pomona 
College collection. 


Pauropus pinus n. sp. (Figure 9.) 


Length 1.04 mm. Head width, .08 mm. Widest part of the body 
is .16 mm. Antenna; length of the base, .08 mm. and .14 mm..total 
length. All three flagellar branches nearly equal in length. The 
globulus is on a short stalk with hairs on each of the basal joints. There 
is one very long hair on the last basal joint near the base of the globulus 
division of the antenna. At this point also there are two small globular 
bodies, one with stalk over twice as long as the globule. The other 
and larger globular body has a very short narrow base of attachment. 
Near the true globulus there appears to be a second globule about half 
the diameter of the true globulus. The eye area occupies about one- 
third of the lateral margin of the head. 

The head has six dorsal hairs in from two to three rows. 

Dorsally the body regions bear hairs as follows: 

First body segment, four hairs in two rows of two each. The second 
body division has one row of three hairs. The third body segment 
has two rows of two hairs each. The fourth body segment has about 
two rows of four hairs each. The fifth segment has two rows of three 
and of four hairs. The sixth segment has a cephalic row of four hairs 
and a second row of two hairs. 

The anal region has four or five rather long terminal or slightly 
lateral hairs with two large double spines on the anal plate. These are 
much as in P. medius but they are larger and mtore truncate with the 
lateral parts somewhat pointed. There are no terminal joints evident 
here. 

In the type specimen and one or two others the long sensory hairs 
are with very little indication of a plumed condition. 

The long sensory hairs are of the following lengths: The first is .10 
mm. long and so are all the others but the fifth which is .28 mm. long. 

On the ventral side of the body between the third to the eighth 
pairs of legs there is a pair of small hairs. 

The basal segments of the legs have cylindrical hairs. On the two 
basal segments of the ninth legs there are branched hairs, each of the 
two branches being nearly cylindrical. 

The lengths of the legs are as follows: The first pair of legs is 
.l1l1 mm. The second leg pair is .15 mm. The third pair of legs is 
-16 mm. long. The fourth legs are .15 mm. The fifth pair is .17 mm. 
The sixth pair is .20 mm. long. The eighth pair is .22 mm. long. The 
ninth pair of legs is .24 mm. long. 
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The leg proportions are as follows, beginning with the longest joints 
in each case: First leg, 2-4—-3-5-1. Second leg, 6—(4—2)—1-—(3-5)-1. 
Third leg, 6—4—2-1-3-5. Fourth leg, 6—-4—-2-1-3-5. Fifth leg, 6- 
(4-2)-3-1-5. Sixth leg, 6—4-2-3-5-1. Seventh leg, 6—4—2-3-5-1. 
Eighth leg, 6-4—2-3-5-1. Ninth leg, (5-6)— 4-3-2-1. 

The claws of the legs are rather large and on the last pairs of legs 
especially the more ventral pad or claw is very large. The tibia here 
also bears an unusually long hair which reaches well below the tibio- 
tarsal joint. 


The species is especially characterized by the peculiar 
caudal spines, the ventral hairs and the peculiar globular 
bodies on the antenne. 

The specimens were collected at Big Pines, in the San 
Gabriel mountains at about seven thousand feet elevation, 
November 26, 1927. 

The type, a female, is in the collection of Pomona College. 


Pauropus caudaspinosus n. sp. (Figure 8.) 


Length 1.42 mm. Head width, .16 mm. Broadest part of the 
body, .28 mm. Antennz of the usual type with hairs on all basal 
joints. Globulus branch with shorter flagella than the other branch. 
The two branches of the globulus quite unequal in length. Total 
length of antenna, .138 mm. of which .06 mm. is basal portion of the 
usual four joints." The eyes occupy about one-half the lateral margin 
of the head. 

Dorsally the hair distribution is as follows: 

The head bears four small hairs. The first body division has a 
row of four hairs. The second body segment bears two rows of two 
hairs each. The third division bears two rows of two each and that 
seems to be the condition with all the other segments. 

The anal region has about four terminal and lateral hairs on each 
side and the anal plate bears two sharp central spines and on each 
side of this pair is a single delicate spine or hair. 

The plume hairs have lost their plume-like character in the type. 
The last of these is the longest and is .32 mm. long. 

In the cephalic region there is a single scale-like spine of two slightly 
unequal blades. The basal joints of the legs bear club-shaped or 
blade-like spines. The last leg bears on its two basal joints a branched 
rather irregular spine with two rami. The spine of the second basal 
joint of the last leg is larger than that of the first basal joint. 

The lengths of some of the legs are as follows: 

First, second and third legs are .15 mm. in' ngth. The eighth leg 
is .32 mm. in length and the last leg is .33 mm. y 

The proportions of a few legs are as follows: 

First leg, (5-2)-(8-4-1). Second leg, 6-2-3-1-4-5. Third leg, 
6-2-3-1-4-5-. The last leg has six joints in this type and the lengths 
are 5-4-3-2-6-1. 
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The description is based on a female used as a type in the 
collection of Pomona College. 

Some of the distinctive characters are shown in the six- 
jointed ninth pair of legs, the club-shaped and even spatulate 
basal spines of many of the legs, the single ventral spine of a 
double nature and the four rather prominent anal spines, the 
two lateral being much more delicate, but all four being sharply 
pointed. 

The specimens were collected in woodland one mile north of 
Waverly, New York, in August, 1928. 


Pauropus mexicanus n. sp. (Figure 10.) 


Length 1.56 mm. Head width, .10 mm. At the widest part the 
body is .20 mm. The total length of the antenna is .13 mm. and the 
base is .04 mm. The antenna is typical of the genus but there are 
several hairs and one or more small globular bodies at the base of the 
globulus. The flagella of the globulus branch are unequal in length 
as is usual. There were few hairs on the dorsal side and not easily 
determined in the specimen. There seem to be but few pairs for the 
upper segments, but the caudal region is well provided, there being 
about six hairs for the next to the last segment and about seven pairs 
of rather long caudal hairs. No peculiar features were noted in the 
anal region. 

The lateral plume setz are about .08 mm. in length but may be 
longer than this in life. 

The length of the legs is as follows: 

The first legs are .OS mm. in length; the second legs are .10 mm.; 
the third legs are .15 mm. long and the last legs are .16 mm. long. 

The leg proportions of a few legs are as follows, the longest joint 
is mentioned first in order: 

The first leg, 5-4-3-2-1. The second leg, 6—-2-3-4-1-5. The last 
leg is 5—(4—-3-2-)-1. 

The hairs on the basal joints of the legs are slender. The claws are 
moderately prominent. 


The species is based on female specimens collected fifty 
miles north of Mexico City. The specimens were collected in 
November, 1928. 

What there is left of the type after study is in the Pomona 
College collection. It is very difficult to determine all the 
points of difference in these small specimens and at the same 
time save them for further study, because in some cases it is 
necessary to use caustics to clear the opaque parts of the body. 
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Stylopauropus Cook. 


Pauropus, Lubbock. Trans. Linn. Soc. London, 26, 1867. 
Latzel. Ges. Wien. 13, 1883. 
Kenyon. Tufts College Studies, 4, 1895. 
Stylopauropus, Cook. Brandtia, iv, 1896. 
Hansen. Vid. Medd., 1901. 


The stalk of the globulus is considerably longer than the 
transverse diameter of the globulus itself. Hansen also says 
that the lower antennal branch has the anterior margin con- 
siderably longer than the posterior. Its anterior flagellum is 
longer than the other. The sternum of the anal segment has 
the posterior pair of setz only: The first of these characters is 
easily recognized, the others are not so easy and may be less 
important and possibly more variable. They seem to be less 
constant among the specimens of the genus about to be 
described. 


Stylopauropus digitus 1. sp. (Figure 11.) 


Length 1.32 mm. Width of the head, .10 mm. The body at its 
broadest part is .18 mm. The total length of the antennz is .13 mm., 
of which the base is .04 mm. The globulus branch of the antenna is 
heavier and slightly longer than the other but there is little real differ- 
ence in their lengths. The globulus is on a stalk slightly longer than 
the diameter of the globulus. There is no marked difference in the 
lengths of the three flagella, but one of the pair is shorter than the 
others. The eye areas on the head are large and occupy most of the 
side of the head. 

The distribution of dorsal setz is as follows: 

The head bears two rows of short plume hairs with eight hairs; 
four in each row. 

The first body segment has one row of four hairs. The second 
body segment seems to be without hairs above. The third body 
segment has two rows; the first has two hairs; the second has four 
hairs. The fourth body segment has two rows of four each. The 
fifth has three rows of hairs; the first with two; the second row with 
two; the third row with four hairs. The sixth body segment has two 
rows; the first with two hairs and the second with three hairs. 

The caudal region is bilobed, each lateral lobe bearing three more 
or less terminal hairs. In the middle line is a delicate rather broad 
projection which seems characteristic of the species. 

The long sensory sete seem to be .O8 mm. long, but the next to the 
last in the type was .06 mm. long. 

The leg lengths are as follows: 

The first leg is .05 mm.; the second is .07 mm. which is also the 
length of the third. The fourth is .06 mm. in length. The next to 
the last leg is .O8 mm. long and the last is .16 mm. long. 
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The leg proportions are as follows: 

The first leg joints beginning with the longest for the first leg; 
5-2-(3-4)-1; second leg, 4-2-6-3-1-5; third, 3-6—2-4—1-5; seventh, 
(4-2-6)-3-1-5; fifth, 4+-3-2-6-1-5; sixth, 2-8-4—6—1-—5; seventh, (4—2- 
6)-3-1-5; eighth, 4-6-—3-—2-1—5; ninth, (2-4—5-3)-1. 

The third, fourth, sixth and the ninth legs have long claws which 
are especially hooked in the ninth pair of legs. The setz on the basal 
joints of the legs are straight. 

Several specimens collected at Laguna Beach, Orange County, 
California and one immature from Catalina Island with five pairs of 
legs may be the same species. This last specimen was .56 mm. long 
with a head width of .12 mm. and a body width of .16 mm. The 
caudal region was not the same as the Laguna Beach specimens. 


The distinctive features of this species are the following: 
The delicate median caudal projection, the large eye areas, the 
plume hairs on the head and the long hooked claws of the last 
and a few other legs. 

The type is a female in the Pomona College collection. 
This with several other specimens was collected one mile north 
of Laguna Beach, on January 6, 1929. 


Stylopauropus locatus n. sp. (Figure 12.) 


Length 1.1 mm. Proportions usual, the head width about .1 mm. 
and body about .16 mm. Total length of antenna .16 mm. with the 
length of the base .16 mm. The globulus bearing base is slightly 
shorter than the other. Flagella of this branch are about equal in 
length and much shorter than the other flagellum, in fact about half 
as long as the unpaired flagellum. The globulus is on a slender stalk a 
little longer than its diameter with small lateral hairs on each side of 
the globulus itself. The eye areas were not particularly noted and 
further specimens from the type locality will be needed to determine 
their real character as the specimens at hand are injured by the caustics 
applied for their study. However the eyes were not conspicuous in 
the specimens examined. 

The distribution of dorsal hairs was as follows: 

The head had two rows of hairs, the first row of four and the second 
of five hairs. The first body segment had two rows of two hairs each. 
The third body segment had three rows of two hairs each. The fourth 
segment had two rows of two hairs each. The fifth segment had two 
rows of hairs, the first with two hairs the second with four hairs. The 
last segment had two hairs on each side of the body. 

The anal segment was not particularly studied as it showed no very 
distinctive features. There were three lateral hairs on-each side with 
a slight bilobed ventral plate. 

The lengths of the lateral sense hairs was not taken because they 
were evidently injured in all the specimens. 

The leg lengths were as follows: 
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Beginning with the first and ending with the ninth leg the lengths 
in milimeters is given; .12, .13, .13, .14, .16, .18, .18, .18, .28. 

The proportions of the legs are as follows, beginning with the longest 
joint in each case: First leg, 5-2-4-3-1; second leg, 6—5-2-3-4-1; 
third leg, 6-2-3-1-4-5; fourth, 6-2-4-3-1-5; fifth, 6-2-3-1-4-5; 
sixth, 6-2-3-1-4-5; seventh, 6-2-3-1-4-5; eighth, (2-5)—(4-3)-1-6; 
ninth, 5—-4-3-2-1. 

The legs have rather small claws. The hairs on the basal joints of 
the legs are rather irregular in distribution and form. They are short 
and often spatulate or club-like. On the first pair of legs a single 
slightly curved small hair is located on the third basal joint. In the 
second pair of legs a similar hair is located on the second basal joint. 
A smaller shorter hair is located on the second basal joint of the third 
pair of legs. The fourth pair of legs has a larger longer hair on the 
basal leg joint and a shorter spatulate hair on the second basal joint. 
The fifth leg has a small spine on the second basal joint. All the other 
legs, that is the sixth to the ninth pair have two hairs, one on each of 
the two basal joints. The hair on the basal joint of all of these is larger 
and more spatulate than the second joint hair. 

In addtion to unbranched hairs on the basal joints of the ninth 
pair of legs the terminal joint of the leg is also peculiar. It is long, 
curved at the end and with slight indications of a division. There are 
no ventral spines or hairs visible in the type. 


Specimens were collected at Puddingstone canyon, not far 
from San Dimas, California, March 1, 1929. 

The distinctive characters are as follows: Peculiar distribu- 
tion of spatulate and short cylindrical spines on the basal 
segments of the legs; the peculiar character of the last leg, 
both as to basal spines and terminal joint and flagella of the 
globulus branch of the antenna. 

The type, a male in the Pomona College collection. Injured 
in study. 


Stylopauropus simplus n. sp. (Figure 13.) 


Length 1.06 mm. Width of the head not clearly seen in the type, 
but in another specimen of the same length the width was .12 mm. 
and the body at its widest part was .24 mm. The total length of the 
antenna was .13 mm. and its base was .05 mm. long. The basal joint 
of the globulus branch of the antenna was thicker than the other but 
not much more than half as long as the other. The stalk of the globulus 
was slightly longer than the diameter of the globulus. All three of the 
flagella were of the same length in the type. The eye areas were rather 
small. The head bears simple hairs. 

The distribution of the dorsal hairs is as follows: 

The head has six or seven cephalic marginal hairs and a pair of 
more caudal ones. The first two body segments each bear a pair of 
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hairs. The third body segment has a pair of hairs in front and two 
pairs farther back. The fourth segment has three pairs of two each as 
does the fifth and sixth regions, but in the first case one pair is centro- 
caudal and in the last two segments the corresponding pair is centro- 
medial. 

The caudal end has three long more or less terminal hairs and the 
anal plate has a central body bearing two short hairs and on each side 
of this a single small hair. 

The plume hairs are as follows: First, .12 mm. long; second, 
.13 mm.; third, .12 mm.; fourth, .13 mm.; fifth, .16 mm. 

The leg lengths are as follows: First, .09 mm.; second, .12 mm.; 
third, .13 mm.; fourth, .13 mm.; fifth, .15 mm.; sixth, .16 mm.; seventh, 
.16 mm.; eighth, .17 mm.; ninth, .20 mm. 

The leg proportions, beginning with the longest joints are as follows: 
First, 6-5-2-3-1; second, 6—4—2-3-1-5; third, 6—4-3-2-1-—5; fourth, 
6—4-3-2-1-5; fifth, 6-4—3-2-1-5; sixth, 6-4-2-3-1—5; seventh, 6—4—2- 
3-1-5; eighth, 6—-4—(3-2)-5-1; ninth, 5-4—(3-2)-1. The basal joint 
hairs slender. These hairs are biramous on the ninth basal leg joints. 


Specimens were collected from San Tomas, Lower California, 
December 20, 1927. 

The distinctive characters are as follows: The peculiar 
hairs and medial structure of the anal plate; not very large eyes; 
antenne with basal globulus portion longer than the other 
basal branch of the antenna and with all flagella about equal in 
size. 

The type is a female in the Pomona College collection. 


Stylopauropus oregonensis n. sp. (Figure 14.) 


Length .88 mm., general proportions as usual. Length of antenna, 
.18 mm., of which .04 mm. is the length of the basal four joints. Basal 
joints of the flagella about the same length. One flagellum of the 
globulus division shorter than the other. Globulus itself on a long 
stalk. This stalk is three times the diameter of the globulus diameter. 

The hairs of the head are short clubs. 

The distribution of dorsal setz is as follows: 

The head has a cephalic marginal row of six hairs, three on each 
side, and a caudal row of four. The first body segment has a row of 
four sete. The second segment has a row of four hairs, two on each 
side. The third thoracic segment has a row of four and then a row of 
two hairs. The fourth segment has a row of two and then a row of 
four hairs. The fifth division has two rows of two hairs on each side. 
The sixth segment has a row of two and a row of four hairs. 

The caudal region has three long hairs on each side. In the middle 
line the anal plate has two small central hairs and two smaller hairs, 
one each side of the larger pair, or four minute hairs in all. 
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The last plume hair was .12 mm. long, the others were not perfect 
in the type specimen, but judging from other material they were all 
shorter than this. 

The lengths of the legs were as follows: 

First leg, .09 mm.; second leg, .09 mm.; third leg, .13 mm.; fourth 
leg, .15 mm.; fifth leg, .16 mm.; sixth leg probably .16 mm.; seventh 
leg, .16 mm.; eighth leg, .16 mm.; ninth leg, .17 mm. 

The proportions of some of the leg joints are as follows, beginning 
with the longest joint in each leg: 

First leg, 5-2-3-1—4; second leg, (2-6)—-3-4—2-5; third leg, the same 
as the last; ninth leg, 5-4—3-2-1. 

The spines on the basal joints differ greatly. They are as follows: 

First leg, basal joint one small flat spine; the second basal spine is 
double having one large and one small flattened scale. 

The second leg is similar to the last with one small flat spine on the 
first basal joint and two on the second basal joint with one of these 
last much smaller than the other. 

The third leg has a small flat, spine on each of the two basal joints. 

The fourth leg is like the last with the flattened spines larger. 

The fifth leg has a small rounded spine on the first basal joint and 
two flattened spines attached to the second joint. One of these is 
three times the size of the other. 

The sixth leg is similar to the fifth. The seventh leg is similar but 
the two spines or flat hairs on the second basal joint are nearly of the 
same size. The eighth is also similar but with the basal spine a little 
larger and possibly double. 

The ninth leg has two small spines on each of the two basal leg 
segments. These spines are short and broad and one in each set is 
larger than the other. 

There is a fine pubescence on the last three joints of the last pair of 
legs. The claws are rather prominent but rather blunt. 

Ventral to the legs there are a few irregularly scattered hairs. 


Several specimens were found on the slope of Mt. Hood, 
Oregon, at about six thousand feet altitude, August 15, 1929. 
One was an immature with three pairs of legs. 

The differential points in this species are the following: 
The peculiar and variable distribution of basal joint spines. 
The character of the anal plate. The peculiar fine pubescence 
on the last three joints of the last three legs and the general 
character of the antenne. The eyes are also the smallest of 
any examined in this genus. The hairs of the head are short 
clubs, in part at least. 

The type specimen is a male in the Pomona College col- 
lection. The male reproductive opening differs markedly from 
the male organ in the species S. locatus, as shown by the figures. 





ce 
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GENERAL REMARKS. 


Although the species just described seem distinct from each 
other, there are a few similarities as follows: 

P. californianus resembles P. indigenous more closely than 
any other described. 

Pauropus medius is quite close to P. pinus. This is especially 
shown in the anal plate region. They are of the same type, but 
differ in detail. 

In comparison with other species described in the past there 
are a few similarities in single characters as follows: 

The anal plate region of P. danicus Hansen, resembles the 
anal plate of Stylopauropus locatus. 

The antenne of P. huxleyi Lubbock as figured by recent 
writers such as Hansen and others, resembles that of P. 
caudaspinosus in general form and proportions. 

The anal region of P. intermedius Hansen is much like that 
of P. caudaspinosus. 

The anal region of P. inornatus Hansen is somewhat like 
that of Stylopauropus locatus. 
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EXPLANATION OF FIGURES. 


Fic. 1. Pauropus californianus n. sp. a, antenna; b, first leg; c, dorsal view 
of the caudal end; d, ventral view of the anal end; e-l, spines between 
legs 1-8. { 


Fic. 2. Pauropus medius n. sp. a, ninth leg; b, first leg. 

Fic. 3. Pauropus indigenous n. sp. a, caudal region from below; b, ventral spine. 
Fic. 4. Pauropus medius n. sp. a, caudal end from below; b, antenna. 

Fic. 5. Pauropus santus n. sp. a, caudal end from below. 

Fic. 6. Pauropus quercus n. sp. Caudal end from below. 

Fic. 7. Pauropus globulus n. sp. Antenna. 

Fic. 8. Pauropus caudaspinosus n. sp. a, caudal end from below; b, ventral spine. 
Fic. 9. Pauropus pinus n. sp. a, antenna; b, caudal end from below; c, ninth 


leg; d, first leg. 
Fic. 10. Pauropus mexicanus n. sp. Antenna. 
Fic. 11. Stylopauropus digitus n. sp. a, antenna; b, caudal end from below. 
Fic. 12. Stylopauropus locatus n. sp. a, antenna; b, caudal region from below. 
Fic. 13. Stylopauropus simplus n. sp. a, antenna; b, male organ. 


Fic. 14. Stylopauropus oregonensis n. sp. a, caudal end from below; b, antenna; 
c, basal segments showing hairs, from one of the last pair of legs; 
d, male organ. 





North American Pauropoda PLATE I, 
William A. Hilton 
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THE WINTERING HABITS OF MUSCOID FLIES 
IN IOWA.* 


R. A. RoBERTs, 


Uvalde, Texas. 


Although Muscoid flies are abundant in Iowa, references to 
these Diptera in current and past literature are exceedingly 
scarce. Very little scientific work has been done within the 
state either on this family or on the other families of flies which 
are parasitic on animals. Among these Diptera are some of 
the greatest pests of livestock, and the agriculturists need to 
turn their attention to the economic losses they are suffering 
from them. The present work has been undertaken as a pre- 
liminary survey of the wintering habits of the Diptera which 
affect man and livestock. An effort has been made to present a 
list of the various flies which annoy animals, breed in dead 
carcasses, frequent barns and houses, or are otherwise of interest. 
Although the actual numerical abundance of these flies has not 
been estimated, the relative proportion of each species is given. 
As this thesis contains observations over a period of only nine 
months it should be considered as merely the nucleus of a 
future knowledge of the subject. The present list of Diptera, 
which includes species found during the fall, winter, and spring, 
should be supplemented with the species which are present 
during the summer. 

The observations which were made at Ames, Iowa were 
begun October 1, 1927 and ended May 5, 1928. The city of 
Ames is located in Story County in central Iowa, has a latitude 
of 42° 2’, a longitude of 93° 38’ and an altitude of 922 feet. 
Central Iowa was originally an oak grove savanna but is now 
almost entirely under cultivation. The state is located in the 
Carolinian of the Upper Austral faunal zone. There are no 
large bodies of water in this vicinity. 

The winter of 1927-28 was rather moderate at Ames, with 
only a few periods of severe cold. On one occasion the tempera- 
ture reached —25° F. Little rain and only a small amount of 


*Contribution from the Department of Zoology and Entomology, Iowa State 
College, Ames, Iowa. 
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snow fell during the winter. The annual rainfall of Iowa is 
31.5 inches. The spring of 1928 was delayed, the cold weather 
lasting well into the latter part of April. 

The present study was made under the direction of Dr. 
H. H. Knight of Iowa State College. The writer is greatly 
indebted to him for his interest and assistance in the work. 


TABLE I. 


SPECIES OF FLIES TRAPPED FROM OCTOBER 2 TO NOVEMBER 26, 1927, 
AT AMEs, IOWA. 




















Per Cent 
SPECIES Oct. | Oct. | Oct. | Oct. |Oct.30} Nov. |Total | of Total 
2-8 | 9-15 | 16-22 | 23-29 | Nov. 5) 20-27 Catch 
Musca domestica.......| 103 91 27 224 147 1 593 30.97 
Lucilia sericata.... | 122] 66 76 87 106 |... 457 | 23.86 
Phormia regina........| 91 70 29 67 43 2 302 15.77 
Cynomyia cadaverina..| 96} 32 25 33 28 14 | 228) 11.91 
Lucilia caesar | 29; 18 13 20 Bt cae 108 5.64 
Calliphora 
erythrocephala. | 8 10 1 6 14 22 61 3.18 
Sarcophagide spp 5 8 | 5 14 Shectec 36 1.88 
Muscina stabulans. | ae 1 | Biecacds 33 1.72 
Ophyra leucostoma.....| 12 | 2 4 3 | Bebe wsinets 26 1.36 
Fannia scalaris 6 | 7 4 1 arid 18 .94 
Muscina assimilis : 2 3 + 1 Gedabeeten ws 10 .52 
Scatophaga stercoraria. 1 4 Bibs wes 7 37 
Fannia canicularis. | 2 ¥ 2 Bees 5 26 
Chrysomyzademandata |.... 1 2 ap eeg ties 3 16 
Hydrotea dentipes..... | BE. ta Gateway vadewsaceeeae 1 05 
Pollenia rudis ar See eae eae ol Rubi hed 1 05 
Lucilia unicolor........ ; | ane 1 | BAe 1 .05 
Miscellaneous ciety 9 Be eens 9 | 6 ka 25 1.31 
WA lice cee rs: | 500 | 325 190 | 474 | 387 39 | 1915 | 100.00 
Mean temperature...... | 55° F.| 51° F.| 55° F.| 63° F.| 48° F.| 40° F. 




















PROCEDURE. 


The methods employed in the present work for trapping 
and breeding flies have been made as similar as possible to 
those used by the United States Bureau of Entomology. The 
traps used in catching flies were identical with the one recom- 
mended in U. S. Department of Agriculture Farmers’ Bulletin 
No. 857. This is an all-metal trap, made up of an outside 
cylindrical frame of moderately heavy galvanized iron covered 
with 14 mesh screen wire. Into the bottom is fitted a screen 
cone through which the flies enter. 
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Only one trap was run continuously throughout the winter. 
This trap was mounted on a platform two and one-half feet 
square, and four feet above the ground, and was located on the 
south side of a small wooden building. The bait generally 
consisted of fresh beef, about two pounds of which was placed 
in the bait pan each week. Occasionally the trap was baited 


TABLE II. 
List SHOWING LAST RECORDED APPEARANCE IN THE FALL AND First RECORDED 
APPEARANCE IN THE SPRING OF ADULTS OF VARIOUS SPECIES OF FLIES 
AT Ames, Iowa. 




















Last APPEARANCE First 
SPECIES - APPEARANCE 
Outdoors In Heated OuTbDOooRS 
Building 

IC UNEEE Si 5 owe cscdeedsas All winter All winter All winter 
4 er All winter i....... re All winter 
Calliphora erythrocephala.......| Nov. 29, 1927 |.............. Mar. 20, 1928 
Cynomyia cadaverina........... POW CULE Rs. nous da oecee Mar. 23, 1928 
Musca domestica................] Nov. 26, 1927 All winter Mar. 28, 1928 
AOI WOUUUONE occas 6 tl OMe MEE Po ot cccics cececvabecmnas Ss avenliien 
Mascina stabulans...............1 MOV. GB, TR |... 2. cc cvcccee Mar. 22, 1928 
Sarconnagihe Opp..........+.-05) MOV. By TRG fewscccvcccccees Mar. 19, 1928 
ne ee Nov. 6, 3087 |..........++++.) AGE aay Boao 
TER DOPNOBOR.. occ cc vec ccc ccd Ws GE Boas cccscececss Mar. 27, 1928 
Cryptolucilia-cornicina..........] Nov. 5, 1027 |.............- ii was 
Stomoxys calcitrans........... Oct. 30, 1927 ede cversd bee 
I MINOR i565 5 6 ics sic a soe sic ORG AE Bais ses evo bale ariel April 4, 1928 
Fannia canicularis...............| Oct. 30, 1927 | Feb. 3, 1928 | May 5, 1928 
Scatophaga stercoraria.......... i |. ge eee Mar. 28, 1928 
Crryeomyss Gemendata.........| Oct. BD, BET |... ccc cecsccedvccesens Ts 
Latcilia unicolor............ ois ol MEET EEE ia. s’s 6 os%ria's 9 AGE ewe 
Muscina assimilis............... oe, ee ...-| May 24, 1928 
Gastrophilus intestinalis......... Oct. 23, 1927 Pols Species kapha naa ; 
Cochliomyia macellaria.........| Oct. 10, 1927 |........ ists Sete ia da 
Hydrotea dentipes.............. Meets OU RS conn cera rece April 4, 1928 
Cryptolucilia caesarion..........]........ Sh eaten sc coece eens Mar. 21, 1928 
Protophormia terrenove........ J agitaed Orla tak Roane weno Mar. 24, 1928 
EA WINGOIIEIE oo 55 cds bees cas ees eye 








with a rabbit, a rat, or other small animal. The flies were 
emptied from the trap once each week. From each week’s 
catch a random sample of 500 flies was taken and determined 
as to species. When the catch was less than 500 flies the entire 
lot was determined. 

In all breeding experiments fresh ground beef was used as 
a breeding medium for the flies, with the exception of horse 
manure and straw which was necessary for Musca domestica. 
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SPECIES OF FLIES TRAPPED. 

The species of flies trapped each week from October 2 to 
November 26, 1927 have been identified as to species. See 
Table I. No flies were trapped from November 6 to November 
19, because of low temperature (average daily mean tempera- 
ture 34° F., average minimum 26° F.). 


TABLE III. 
SPECIES OF FLIES TRAPPED FROM MARCH 22 To May 5, 1928, Ames, Iowa. 

















Per Cent 
SPECIES Mar. |Mar29} April} April |Apr.29/Total | of Total 
22-28 |Apr. 4} 15-21 | 22-28 |May 5 Catch 
Cynomyia cadaverina.. 289 |} 275 | 118 | 316] 134) 1132] 53.80 
Phormia regina.......... | 63 183 57 135 | 263) 701 33.32 
Calliphora erythrocephala. 21 13 16 9 34 93 4.42 
Muscina stabulans......... 23 14 3 3 12 55 2.61 
Calliphora viridescens..... ist 2 17 13 32 1.52 
Hydrotea dentipes..... i 4 1 6 16 27 1.28 
Sarcophagide spp........ eagt t 9 13 62 
Lucilia sericata.......... 1 | Beat 2 9 12 57 
Scatophaga stercoraria.. 1 | 6 1 1 ak 9 43 
Fannia scalaris......... ‘ i Pe 5 2 | 8 38 
Muscina assimilis.... 3 2 1 1 | 7 33 
Lucilia caesar...... 1 5 6 .29 
Pollenia rudis. . 1 | 2 i iia 3 14 
Musca domestica........ Bit, scueaPhactwal 1 1 | 3 14 
Protophormia terrzenove. Ble waves! sleveakil 1 05 
Fannia canicularis.... ; | 1 | 1 05 
Miscellaneous. ... Bs |. 1 05 
Total 404 | 500} 200| 500] 500 | 2104 | 100.00 
Mean temperature , | 52° F.| 51° F.| 38° F.| 46° F.| 62° P| 
| 











The house fly was the most abundant species, being pre- 
dominant over other species the last two weeks before cold 
weather. The next five species of greatest abundance were 
all blow flies of economic importance. 

In Table II are listed the species of flies taken, showing the 
last date in the fall and the first date in the spring on which 
adults of each species were observed active under outdoor 
conditions. As shown, P. rudis and P. regina were taken 
outdoors at intervals throughout the winter. P. rudis and 
M. domestica were present in heated buildings during the entire 
winter. 
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The species of flies caught during the spring months are 
given in Table III. No flies were trapped from April 5 to 
April 14 because of low temperature, (average daily mean 
temperature, 40° F., average minimum 29° F.). It is interesting 
to note that more than 50 per cent of the total spring catch 
was flies of the species C. cadaverina. This large fly appeared 
early in the spring and seemed very hardy and resistant to low 
temperatures. P. regina, which represented 33 per cent of 
the catch, increased rapidly in late April and early May, and 
became predominant over C. cadaverina. It is surprising that 
the species of Lucilia were represented in such small numbers, 
as Bishopp (1915) and others record this genus as appearing 
very early and abundantly in the spring, especially is L. caesar 
known to be an early spring breeder. Lucilia, however, did 
appear to be more abundant in wooded areas, where specimens 
were taken frequently with a net. 


DISCUSSION OF SPECIES 


The following list contains all the species of flies trapped, 
collected, or observed from October 1, 1927 to May 1, 1928. 
The families of Diptera are arranged in the order accepted by 
Comstock (1925) and the genera of Calliphoride are listed as 
presented by Shannon (1923). The determinations of the 
various species were made by the author unless otherwise noted. 


Family CORDYLURID:. 


Scatophaga stercoraria Linn. The yellow dung fly is abundant in 
Iowa. The species was taken in large numbers flying about cattle 
pastures as late as October 30. 


Family ORTALID. 


Chrysomyza demandandata Fab. C. demandata was common during 
October, when it was frequently trapped over a meat bait. 


Family ANTHOMYIID/:. 


Fannia canicularis Linn. The lesser house fly was trapped in the 
fall until October 30. A single female was found on February 3 flying 
about a heated basement room. This room was used to house small 
animals and it is likely that this fly was breeding in the animal excre- 
ment. Numerous specimens were observed later in February and in 
early March flying about dwellings. 


: 
’ 
: 
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Fannia scalaris Fab. (Laake, det.). During the fall months F. 
scalaris was more abundant than F. canicularis. It appeared early in 
April but in small numbers. 


Hydrotea dentipes Fab. Although this species did not appear 
during the fall, it was trapped early in the spring and continued to be 
noticeably abundant. 


Ophyra leucostoma Weid. This fly appeared regularly in meat 
baited traps as late as November but failed to make its appearance in 
the spring. 


Family GASTROPHILID. 


Gastrophilus intestinalis DeG. On October 23 females were observed 
Ovipositing on animals in pastures. Eggs were being deposited by the 
hundreds on the forelegs, the belly, and well up on the sides and 
shoulders of the horses. The animals were greatly disturbed by the 
actions of the adult flies. 


Family OESTRIDA. 


Hypoderma lineata DeG. In Iowa larve of H. lineata reach the 
backs of cattle about January 8 to 20 (Bishopp and Laake 1926). 
The author took specimens from the backs of cattle during the latter 
part of January, numerous specimens in early February and grubs 
which were apparently mature on February 22. Cattle slaughtered at 
Ames, Iowa during February were often so severely infested that meat 
on the back was damaged to such an extent as to necessitate its removal 
from the carcass. Most of the cattle slaughtered at this time were 
Shorthorns 12 to 16 months of age. Larve of H. lineata were found in 
the backs of cattle as late as April 18. 

Hypoderma bovis Vill. On April 18 a dairy herd near Ames, Iowa 
was inspected and 25 specimens of Hypoderma were collected from the 
backs of the cattle. Of these, two specimens proved to be H. lineata 
and the remaining 23 were H. bovis. 


Family CALLIPHORID. 


Calliphora erythrocephala Meig. ‘The author bred C. ervthrocephala 
throughout the winter in a greenhouse. Four generations were pro- 
duced between October 31 and March 25. This species during the 
period under observation in the greenhouse was furnished bananas for 
food and given ground beef on which to oviposit. The flies showed 
great vitality, and did not seem to suffer or decrease in size or activity 
in successive generations. C. erythrocephala was one of the last species 
to disappear in the fall. It was trapped over meat baits on November 
27, and was observed flying about on November 29. It was the first 
fly to appear in large numbers in the spring, though it was soon replaced 
by more abundant species. In a test to determine the depth at which 
larve of this species pupate, it was found that at a temperature of 
70 to 80° F. the larvee pupated at an average depth of 1.9 inches. Under 
outside conditions larve and pupz of C. erythrocephala were removed 
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from the soil at a depth of from 1% to 2 inches. This soil contained 
grass roots but had little surface protection. These findings indicate 
that shallow pupation is common with Calliphorid flies. Early stage 
larvee of C. erythrocephala were taken outdoors in large numbers during 
January. These larve were placed, together with the meat on which 
they were feeding, both on the surface and one inch below the surface 
of the soil. None of these larve completed development. In a test 
to determine the depth from which adults of C. erythrocephala would 
emerge from buried pupz it was found that flies would emerge through 
18 inches of closely packed fine sandy loam from 22 per cent of pupz 
buried. Flies failed to emerge from greater depths. 

Calliphora viridescens Desv. This fly was not present during the 
fall months but appeared abundantly in the spring. The first specimen 
was trapped over beef bait April 21. 

Cynomyia cadaverina Desv. C. cadaverina represented more than 
50 per cent of the total flies trapped during the spring. It was observed 
that large numbers of Cynomyia larve were killed by the first low 
temperatures without having made any effort to migrate. It is likely 
that only those larve which have passed the larva feeding stage and 
are ready for migration begin hibernating on the approach of cold 
weather. Larve of C. cadaverina in the prepupal stage were taken 
from the soil on February 12. These larve pupated at once and adult 
flies soon emerged. Flies of this species failed to overwinter as adults, 
though numbers of them were placed in locations with varying amounts 
of protection. Pupz were found under winter conditions from 1% to 
2 inches below the surface of the soil. 

Lucilia sericata Linn. The green-bottle fly was by far the most 
abundant Calliphorid fly at Ames in the fall. However, it did not 
appear abundantly in the spring although it was recorded early in small 
numbers. A stock of this species was obtained January 22 and bred 
under greenhouse conditions for the remainder of the winter. In the 
greenhouse the period from the egg to the emergence of the adult 
was from 16 to 23 days. While confined in cages L. sericata oviposited 
freely on banana as well as on beef. Larve of this species pupated 
at an average depth of 1.37 inches, pupation occurring in fine sandy 
loam at a temperature of 70 to 80° F. 

Lucilia caesar Linn. The presence of L. caesar at Ames seems to 
run parallel with that of L. sericata, although the latter species was at 
all times more abundant. In April the writer found a large number of 
pupz under the carcass of a dog which had lain all winter and did not 
appear to have been infested with maggots since the preceding fall. 

From all these pupze emerged L. caesar, which suggests that this species 
had wintered as larvee and pupated in April. 

Lucilia unicolor Town. A single specimen of this species was 
taken on October 29. The fly entered a trap baited with beef. 

Lucilia syluarum Meig. (Laake Det.). Although L. sylvarum was 
not taken by the author, it is a common Iowa species. A specimen was 
furnished by Mr. E. W. Laake which he collected at Ames, September 17, 
1919. 
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Phormia regina Meig. In Iowa the black blow fly is very abundant, 
both in the fall and spring. Adults were taken throughout the winter 
on warm sunny days. They were observed often in large numbers and 
apparently wintered over in adult form. Although active on all warm 
days, P. regina failed to oviposit even in the most favorable locations. 

Protophormia terraenove Desv. Although this fly is a winter breeder 
and exceedingly abundant throughout the northern United States, it 
was only rarely taken at Ames. No reason can be assigned at this 
time for its scaricity. 

Cochliomyia macellaria Fab. In late September this fly was observed 
breeding abundantly in refuse near a slaughter house. With the first 
cool weather it quickly disappeared, the last specimen being trapped 
October 10. The species did not appear in the spring. Observations 
indicate that this fly migrates from the South each summer. 

Pollenia rudis Fab. Adults were frequently found throughout the 
winter in and about dwellings. They were also trapped both in spring 
and fall over meat baits. In February this species was observed active 
out-of-doors. 


Family SARCOPHAGID. 

Sarcophaga haemorrhoidalis Fall. (Laake, Det.). These large 
Sarcophagids were trapped both in the fall and spring months. 

Sarcophaga communis Park. (Laake, Det.). This was the most 
abundant Sarcophagid at Ames during the fall. 

Sarcophaga bullata Park. (Hall, Det.). A species which was often 
taken in traps during early October. 

Sarcophaga falculata Pand. (Hall, Det.). Adults were common 
during May, when they were trapped frequently. 

Sarcophaga helicis Towns. (Hall, Det.). A single specimen was 
trapped over beef bait on May 5. 


Family MUSCID. 


Musca domestica Linn. The house fly was the most abundant fly 
at Ames during the fall months. However, with the first cold weather 
they disappeared under outside conditions and were found only in 
heated buildings. M. domestica was bred all winter under greenhouse 
conditions, horse manure and oats being used as a breeding medium. 
Two fly traps were kept running during the winter in a heated building 
which housed rats and chickens. Numerous flies were caught in these 
traps, and larve were found in the animal excrement in the cages. 
Frequently during the winter adults of the house fly were observed 
flying about restaurants and residences. Fifty house fly pupze were 
placed out-of-doors on January 8. These pup# were covered with 
one inch of sand and a few leaves. No adults emerged, which probably 
was due to inadequate protection by the sand. 

Muscina stabulans Fall. M. stabulans is very numerous in Iowa, and 
appeared early in the spring in large numbers. 
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Muscina assimilis Fall. This species is less abundant than M. 
stabulans but seems to have the same seasonal distributions, breeding 
habits, etc. 


Cryptolucilia caesarion Meig. Numerous adults of this species 
appeared in the spring and were taken with a net. Large numbers 
entered buildings and were collected while buzzing about the window 
panes. Hendrickson (1925) collected adults during August. 


Cryptolucilia cornicina Fab. (Laake, Det.). Two specimens of 
C. cornicina were taken October 30 on mullein plants (Verbascum 
thapsus L.). 


Stomoxys calcitrans Linn. The stable fly was abundant during 
October. Large numbers of adults, feeding on cattle in pastures, 
were taken with a net as late as October 30. The emergence of the 
flies in the spring was evidently delayed by cold weather, as no specimens 
were taken. 


Haematobia irritans Linn. The horn fly was frequently observed 
during the fall months. During October the flies were annoying 
cattle. In the spring the species was notably scarce. 
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NOTES ON SOME BOMBYLIID (DIPTERA) FROM THE 
REPUBLIC OF HONDURAS.* 


REGINALD H. PAINTER,t 
Kansas State Agricultural College. 


In the early part of 1926, the author spent three months in 
the Republic of Honduras in research on the sandflies (biting 
Ceratopogoninz) for the Medical Department of the United 
Fruit Company. During the time there, a number of insects, 
especially Diptera, were collected. Since little is known con- 
cerning the dipterous fauna of this region, the notes which 
follow are presented partly to fill this lack. In Biologia Cen- 
tralia Americana (6, 10) very few species are recorded from 
Honduras and none of these Bombyliide. The several papers 
on Diptera of medical importance, published in the annual 
report of the Medical Department of the United Fruit Com- 
pany and elsewhere, constitute almost our entire knowledge of 
the dipterous fauna of that country. The work on the sand- 
flies was done at or near Puerto Castilla, Honduras, and dealt 
with the biology, immature stages and the control of some 
sandflies of the genera Culicoides and Leptoconops. A full 
report of this work has already appeared (7). 

While this study was in progress, numerous trips were made 
through the swamp nearby. Part of this area contained typical 
growths of mangroves and frequent lagoons. The paths leading 
through the swamp were on higher sandy ground where the 
brush consisted of various species of palms and a number of 
kinds of deciduous trees. Several species of Bombyliide were 
taken along the paths and near the sandy beach. Much of the 
collecting was done by sweeping, and although a number of 
Syrphide and Bombyliide were collected, very few were taken 
on flowers, but mostly on or hovering about leaves or sand. 








*Contribution No. 382, from the Department of Entomology. 


tl am indebted to Dr. W. E. Deeks, General Manager of the United Fruit 
Company’s Medical Department, for the opportunity of doing this collecting 
during the time of my studies on the sandflies. I wish to express my thanks to 
Dr. B. M. Phelps, Superintendent of the Medical Department, and to the other 
officers and employees of the Truxillo Railroad Company, for the many courtesies 
extended to me during my stay in the division. My thanks are also due to my 
wife, Elizabeth M. Painter, for help with the manuscript and preparation of the 
drawings. 
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The investigations in Honduras extended from April Ist to 
June 27th, 1926. During the whole time there were only about 
three inches of rainfall, most of which occurred during the 
latter part of June. A few one and two-day trips were taken 
to stations along the branch of the Truxillo Railroad that fol- 
lows the Aguan River as far as the town of Olanchito. On 
these trips, the best collecting was among the bananas. A 
one-day collecting trip was made into the mountains south of 
the town of Truxillo. 

The specimens, unless otherwise stated, were collected by 
the author and, together with the types of the new species, are 
to be found in the author’s collection. 


Genus Anthrax Scopoli. 


1. Anthrax albofasciata Macq. 
Four males taken April 3, 4, and 6, Puerto Castilla, Hon- 
duras. 


2. Anthrax analis Say. 

Three males and three females from Truxillo, Honduras, 
taken on April 11, were identified as belonging to this species as 
they appear to be identical with specimens from the United 
States. The last three segments of the abdomen of the male 
are clothed with silvery scales; the squamal fringe is whitish 
in both sexes. Among the North American specimens of this 
species, the number of these silvery segments and the extent 
of the white pile on the first segment appear to vary. The 
Honduras specimens were taken while hovering in the air six 
or eight feet above a dry path in an open pasture. 


3. Anthrax irroratus Say. 
A single male specimen from Corocito, Honduras, May 9. 


Genus Hyperalonia Rondani. 


Williston (10) p. 273, has called attention to the fact that 
H.”morio Fab. (erythrocephala Fab. et auctt.) does not possess 
the”’same characters as a number of the other species. The 
examination of a number of American species which have been 
placed in this genus shows that they fall into two groups, one 
with distinctly jointed style on the third antennal joint; the 
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other not possessing this character. To the former belong 
cerberus (Fab.), albiventris (Macq.), and latreille: (Wied.); to 
the latter group belong morio (Fab.) and others. The original 
generic description (8, p. 57, 58) is not clear as to the desig- 
nation of the genotype. On page 57, under the general heading 
‘‘Genus Exoprosopa,”’ a key to related genera is given in which 
ITyperalonia is mentioned as separated from the others by the 
possession of ‘‘four submarginal cells.’’ Eleven older species 
and two new species are mentioned as belonging to this genus. 
On the following page a key is given to three species of Hypera- 
lonia occurring in Chile. Erythrocephala is the first mentioned. 
However, the Zoological Record, Vol. II, p. 649, cites the type 
as erythrocephala (auctt.) and is the earliest subsequent desig- 
nation. 

The Exoprosopine with ‘‘four submarginal cells’’ then 
consist of two genera: Velocia Coq. with the characters given 
by Coquillett (4) and Osten Sacken (6) p. 89, and with the 
genotype cerberus (Fab.); and Hyperalonia Rond. with the 
genotype morio (Fab.) (erythrocephala Fab.). The characters 
of the latter are as follows: 

Hyperalonia belongs to subfamily Exoprosopine as defined by 
Bezzi (2). Occiput somewhat enlarged, the whole head lacking in 
tomentum or scales, but clothed with scattered stiff pile, which is 
especially thick about the antennz and in a pit on the front. The 
three joints of antennez in the ratio 2:1:5.5; the first cylindrical, 
somewhat cupped to receive the next; the second subglobular; both 
first and second clothed with stiff hair; the third joint linear lanceolate, 
tapering from base to apex and of the same structure as found in certain 
species of Villa e. i., without a distinctly jointed style. Proboscis 
exceeding the mouth cavity by less than the length of the antenna. 
Thoracic metapleurze at most with one or two stiff hairs. Thorax 
and abdomen without scales. Wings with four interradial cells (sub- 
marginal cells). Re; arising from R, in a right angle almost the 
length of the crossvein before the r-m crossvein. Squamal fringe of 
scales. Legs clothed with narrow scales, all tibia spinose; front tarsi 
short and thick, a little more than twice the length of the front tibia. 
Claws with a minute obtuse tooth. Abdomen broad, flat, and shining, 
nearly twice as long as broad and considerably longer than thorax; 
clothed with short, stiff hairs which are longer on the sides. Male 
genitalia asymmetrical. 


The structure of the antenne, the front legs, the nearly bare 
metapleure, and the character of the body covering are suffi- 
cient to distinguish this genus from Velocia. 
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The described species are: morio (Fab.), coeruleiventris 
(Macq.), and perhaps chilensis Rond. and surinamensis Rond. 
These may all be a single variable species. 


Genus Velocia Coq. 


4. Velocia albiventris (Macq.) 


Two males, collected April 8 and 30, and three females, 
April 4, 8, and May 2, are probably of this species. They were 
captured along the sandy beach on the peninsula on which 
Puerto Castilla is situated. Apparently this species is fairly 
common throughout Central America and shows considerable 
variation in wing pattern and in the coloration of the scales 
on the 2nd and 3rd abdominal segments. 


The costal margin of the wing is brown, the remainder grayish 
hyaline, usually with five brown spots of somewhat varying size and 
shape. One spot lies on the r-m crossvein, and on the base of the vein 
Re3; another small one at the base of the first Me; another on the vein 
at the base of Cu; extending on to a part of the median crossvein; 
and the last on the veins at the apex of cell Rs. On the abdomen, the 
entire venter and dorsum of last three abdominal segments are clothed 
with silvery tomentum which extends in a varying amount on to segment 
4. The base of the second segment is always silvery; sometimes this 
silvery portion extends on to the third segment. The apex of the 
second segment is black tomentose; the third segment and the base of 
the fourth is largely black tomentose, but sometimes with scattered 
yellow tomentum. 


5. Velocia latreillei (Wied.). 


Two females taken April 4 and May 2, on the peninsula on 
which Puerto Castilla is situated. Both specimens were flying 
over the sandy beach. 


Genus Exoprosopa Macquart. 


6. Exoprosopa castillan.sp. (Fig. 2, 4, 6). 

Male.—Ground color mostly black; face, first joint of antenna, 
ventral abdominal segments yellowish; lower part of front, scutellum 
and sides of abdominal dorsum reddish; face yellow, white tomentose; 
style of antenne about one-third as long as third joint; abdominal 
dorsum yellow tomentose; white tomentose on base of second, middle 
half of fourth and all of sixth and seventh segments; black tomentose on 
apical half of second, third, and extreme base of fourth segment; wing 
pattern similar to E. pueblensis Jaen.; first posterior cell open. Length, 
10 to 14 mm. 





1930] Painter: Bombyliide from Honduras 797 


Head and antennz black pilose; yellowish pilose on the cheeks; face 
and occiput white tomentose; front brownish tomentose, (Figs. 2, 4). 

Thorax yellowish pilose; a few black pile on the center of the thoracic 
dorsum; some black spines on the humeri, above the bases of the wings, 
and on the margin of the scutellum; margins of thoracic dorsum white 
tomentose passing through yellow and then to black tomentose in the 
center; sterno-pleurite white tomentose; a conspicuous tuft of white 
pile below the base of the wing. 

Abdomen white tomentose on base of second, middle half of fourth, 
and all of sixth and seventh segments; black tomentose on apical half 
of second, third, and extreme base of fourth segment; a few black scales 
on fifth segment, especially in center at base and apex, remainder of 
abdominal dorsum yellow tomentose; first segment and base of second 
laterally yellowish white pilose, lateral margins of remaining abdominal 
segments black pilose; venter white tomentose; coxz yellow tomentose; 
anterior tibia smooth; tarsal claws minute. Wing pattern similar to 
E. pueblensis Jaen. and as shown in Fig. 6. 


Female.—Similar to male, the fifth and sixth abdominal segments 
frequently black tomentose, both dorsally and ventrally. Thoracic 
dorsum with lighter colored tomentum than in the male. 


Type.—Male, Puerto Castilla, Honduras, April 4, 1926. 

Allotype-—Female, taken at the same place and on the same 
date. 

Paratypes.—One male, April 4; 2 females, April 6; 2 males, 
April 9; 5 females, April 13; 2 males, 1 female, May 11; 2 males 
(one specimen teneral) May 19. These specimens were col- 


lected principally along the higher ground of the swamp and on 
the sand dunes. 


The black tomentose areas of the second and third abdom- 
inal segments are half lens-shaped and do not reach the lateral 
margins of the segments. 


The wing pattern is similar to that in E. pueblensis Jaen. 
and E. eremita O. S., but this species lacks the yellow pile on 
the sides of each abdominal segment that pueblensis possesses 
and lacks the white crossband on the fifth segment that is present 
in eremita. Other differences are noted in the description. 
The three species are closely allied and may on examination of 
more material prove to be varieties of a widely distributed, 
variable species. To determine this necessitates the presence 
of a larger series and a detailed study of the genetalia. 
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Exoprosopa hullin. sp. (Fig. 1, 3, 7). 


Male.—Body grayish brown; occiput and center of abdomen black, 
clothed principally with yellow pile and tomentum; cresentric-like black 
tomentose crossbands on apices of the second and third abdominal 
segments, bases of fifth and sixth narrowly black tomentose, fifth and 
sixth segments ventrally black tomentose. Wings dark brown on the 
anterior and basal half, the boundary running from the apex of the 
subcosta through base of second Me, Cu, first and second anal cells. 
Length, 13 mm. 

Head grayish brown, lighter about the mouth, proboscis not pro- 
jecting from the oral cavity; face clothed with black and yellow pile and 
yellow tomentum; occiput yellowish tomentose; front black pilose and 
yellow tomentose; antenne blackish brown; the first joint yellowish, 
about one and a half times the length of the second, the third joint 
short, the style about equal in length to the remainder of the joint, 
(Fig. 1, 3). 

Thorax yellow pilose and tomentose; scattered dark brown or black 
pile and tomentum on thoracic dorsum; base of scutellum black 
tomentose, spines of thorax and scutellum black. 

Abdomen yellow pilose and largely yellow tomentose; a few black 
scales at the apex of first segment; apical cresentric black bands on 
second and third; a few black scales on base of fourth, apex and base of 
fifth, and base of sixth; some black scales on, the sides of segments 
2, 3, 5 and 6, and largely covering the ventral segments of 5, 6, and 
base of 7. 

Legs yellowish brown; tarsi blackish; first tibia smooth; femora and 
tibiz clothed with yellow scales, brownish in front and beneath. Wings 
hyaline; base brown, slightly darker at base of second M2 and Cw, 
coloration as shown in Fig. 7. 

Female——Similar to male. The first antennal joint generally 
longer than in the male; the proboscis slightly projecting. The cross- 
bands on the abdomen are sometimes narrower than described for the 
male with intermixture of lighter colored scales; in some cases black 
scales are present on the third and fourth ventral abdominal segments. 


Type.—Male, Agricultural College, Miss., July 29 (F. M. 
Hull). 


Allotype.—Female, Agricultural College, Miss., July 22, 
F. M. Hull. 


Paratypes.—Two males, July 21 and 22, and three females, 
July 22 and 29 (F. M. Hull), from same locality; two females 
from Sikeston, Mo., August 8, a female from Atherton, Mo. 
(C. F. Adams), August 13, and one from Arkansas, July 6 
(D. G. Hall), in the collection of the University of Arkansas; 
a’male, Riley County, Kans., Aug. 2 (Popenoe), in the Kansas 
State Agricultural College collection; two males and one female, 
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Atherton, Mo., collected by C. F. Adams and in his collection; 
two males, Manhattan, Kans., Aug. 6; three females, one col- 
lected at Manhattan, Kans., Aug. 26 (R. H. Painter), and one 
at McAllister, Kans., Aug. 16 (D. A. Wilbur) and one at Dickin- 
son, Texas, June (F. M. Hull). 


This species is named in honor of Mr. F. M. Hull, who 
collected the specimens in Mississippi, and with whom the 
author has spent many interesting hours collecting and study- 
ing Diptera. This species which apparently is not rare in the 
lower Mississippi Valley, is sometimes found in collections 
under the name of E. dodrans O. S. E. hulli differs from that 
species in having the brown of the wing extending into cell 
second Mz, and a different distribution of pile and tomentum. 
This species differs also from E. tutubans O. S. in the distribution 
in the brown on the wings and of the pile and tomentum. 

A female taken at Maloa Farm, near Olanchito, Honduras, 
June 24, belongs to this species, and as it shows no greater 
variation than is found among the Mississippi Valley specimens, 
it is also designated as a paratype. In this species the tomen- 
tum of the thorax varies from largely yellowish brown to 
mostly black; the width of the black band on segment two 
varies as does the amount of black tomentum on segment 
three; the width of the opening of cell R; is variable but in no 
case is it completely closed. 


Genus Villa Lioy. 


Under this genus may be placed those species that have been 
described or classified in the genera or subgenera Villa, Hemi- 
penthes, Thyridanthrax, Chrysanthrax, and Isopenthes, retaining 
some of these for the present only as subgenera, at least as far 
as North American species are concerned. If these are raised 
to generic rank, their characters will have to be redefined or 
limited and many new ‘‘genera’’ described. To use these in a 
wide sense as genera with the characters as at present defined 
by Bezzi (2) would often result in separating closely related 
species and in uniting unrelated ones. A few examples may 
be given by way of illustration. Isopenthes, founded by Osten 
Sacken in 1886, was separated from Anthrax (auctt.) by the 
presence of ‘‘three submarginal cells.’’ Specimens of a typical 
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species, V. jaennickeana O. S., in the author’s collection have 
three submarginal cells in both wings; two in one wing and 
three in the other; and two in both wings. As pointed out by 
Osten Sacken, V. jaennickeana O. S. is very like V. sinuosa. 
It appears to be only a variety of the latter species; the occur- 
rence of three submarginal cells in this group is not even of 
varietal significance. Thyridanthrax was founded at the same 
time as Isopenthes to receive species with smooth front tibia, 
rounded but protruding face, short conical third antennal seg- 
ments, and fenestrate wings. Thus defined, V. miscella Coq. 
would be excluded. Although agreeing in other characters, it 
has the front tibia with spines and the clear spots in the darker 
parts of the wing evanescent. Bezzi has recently admitted to 
this genus species with a different wing pattern or none at all. 
The remaining characters of the face and antenne are identical 
with those found in Chrysanthrax. <A superficial examination 
of the genetalia of species of Villa shows a number of diverse 
forms and several groups of species, but sometimes no cor- 
relation with the characters previously used. The presence of 
spines on the front tibia is often used to separate these genera. 
The author possesses numerous specimens of a species in which 
the females possess these spines, while the males lack them. It 
appears, therefore, that the species involved should be placed 
under a single large genus untill the smaller units can be more 
closely defined and others added. The subgeneric status of the 
various species will be discussed below. 


8. Villa (Chrysanthrax) astarte (Wied.) (9; p. 637) (10; p. 279). 

Eight specimens of this species were taken April 9 and 18, 
along the higher places on a path through the swamp north of 
Puerto Castilla. This species very closely resembles V. cypris 
(Meig.) (=Anthrax fulvohirta Wied.), the type of the subgenus. 
It differs from cypris, especially in the presence of the wide 
black stripe in the center of the abdomen. The fulvous tomen- 
tum is more reddish. In the male the margins of the ninth 
sternite are truncate on each side of the central notch. In 
cypris they are more rounded. 
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9. Villa (Chrysanthrax) edititia (Say) (syn. Anthrax impiger Coq.; 
Anthrax sabulosa Coq.). 

Specimens of this species were taken in the sandy areas in 
the swamp back of Puerto Castilla, on April 4 and 9, May 2 
and 11, and near Truxillo, Honduras, April 11. In body 
characters, this species is a Chrysanthrax. The genetalia are 
almost exactly like V. cypris (Meig.), the wings alone differing 
from the subgeneric diagnosis. V. sabulosa Coq. is a synonym, 
differing from impiger only in the color of the scutellum, in 
this species a very variable character. The types of the two 
species have been examined by the author. In both cases the 
tomentum on the scutellum is entirely yellow. In regard to 
specific diagnosis, Osten Sacken’s (6; p. 119) redescription, 
which is the earliest, may be followed. Coquillett’s description 
(5; p. 175) applies to a different species. Say’s description will 
fit either species fairly well, but applies a little better to the one 
which Osten Sacken had. 


10. Villa paradoxa (Jaen.) (Fig. 5). 


This species was one of the commonest Bombyliids taken 
near Puerto Castilla. Two females were collected on April 4, 
and two on May 1; twenty-two males, April 4, 6, 7, 9, 20, and 
May 2 and 19. The species was found with V. astarte, V. 
edititia and Exoprosopa castilla, along the sandy trails and 
dunes in the dryer part of the swamp north of Puerto Castilla. 
The species has the body and tomentose characters similar to 
Chrysanthrax. The genetalia, however, are very different, as 
are the wing venation and coloration. In these characters, 
V. paradoxa is similar to V. mira Cog. The specimen which 
Osten Sacken described from Texas in Biologia belongs to this 
latter species, but it is not certain whether the specimens which 
Williston described in the supplement (10) are the same as 
described here. The Honduras specimens agree well with 
Jaennicke’s description and figure of the wing. The coloration 
of the wings in these specimens shows considerable variation 
and the stumps of veins mentioned in the description may or 
may not be present. In one wing of a single specimen, one of 
these stumps forms a crossvein in the same position and ‘‘three 
submarginal cells’’ as found in Dipalta. If, as seems probable, 
this character is unstable, V. mira and V. paradoxa should 
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perhaps be placed in this genus. The two species may be 
separated as follows: 


V. paradoxa. V. mira. 


Ground color of body dull black. . Ground color of face and most of 
abdomen and legs orange red. 


Pile and tomentum mostly faded 2. Pile and tomentum mostly red- 
yellow. dish orange. 


A little black tomentum on center 3. Black tomentum usually present 

of 4th abdominal segment. on bases of 2nd, 3rd, and 4th 
abdominal segments and a median 
streak on these segments. 


A fuscous margin along the . Last third of Ras largely or 
S-shaped part of vein Ro,3 (Fig. 5). wholly margined with hyaline. 


Front coxae largely yellow pilose. 5. Front coxae largely black pilose. 


The ground color of the face and legs of V. paradoxa is 
darker in the male than in the female. The males of both 
species seem more plentiful than the females. 


11. Villa (Hemipenthes) orbitalis (Will.). 


A single male which probably belongs to this species was 
taken among the pines on the mountains near Maloa Farm and 
Olanchito, Honduras, June 21. It does not differ greatly from 
specimens of this species taken in Mississippi, Missouri, or 
Texas. The description in Biologia (10) refers to the female 
instead of to the male as stated there. Major E. E. Austen 
of the British Museum has kindly confirmed this point for me 
by an examination of the type. The description of the male 
is as follows: 

Male.—Ground color of body is shining black; around oral opening 
slightly whitish. Pile and tomentum black; tomentum on occiput 
whitish, pile on anterior part of thorax and on occiput yellowish, on 
sides of first segment of abdomen yellowish brown tomentum, on sides 
of last three segments white, a small patch of yellow tomentum on the 
sides of segment 5. Small spines on front tibia. Wings as in the female, 
with basal half black, the line of division running almost straight from 
the apex of subcosta to apex of second anal vein. 


Androtype.—Male, Clarksdale, Miss., Aug. 6, 1926. 


Paratypes—Male, Puerto Castilla, Honduras, June 21; 
each from Austin, Texas, June 26; Brady, Texas, July 
Kingsville, Texas, June 6 (F. M. Hull); Mason, Texas, Aug. 





1930] Painter: Bombyliide from Honduras 803 


Brownwood, Texas, Sept. 10; Sikeston, Mo., Aug. 8; and four 
specimens from Clarksdale, Miss., Aug. 6. In the specimen 
from Honduras, the tomentum of the face is largely yellowish. 
The black tomentum in the center of the last three segments 
also varies in amount. Sometimes this is entirely lacking on 
the last segment. 

The female differs from the male in having considerable 
white pile on the pleure and white tomentum on the face and 
first ventral abdominal segment. The male of this species 
differs from the descripiton of the male of V. curta (Lw.) in 
several particulars, but especially in that orbitalis lacks the 
white tomentum on the first two ventral segments. The wing 
pattern is also different. V. celer Wied. differs from both these 
species in the presence of a yellow tomentose triangle in front 
of the scutellum in both sexes. 


Genus Poecilanthrax Osten Sacken. 


12. Poecilanthrax lucifer (Fab.). 


A male and a female of this species were taken May 11 and 
April 4, near Puerto Castilla. In addition to the characters 
given by Cole (3) and Osten Sacken (6), the genus may be 
separated from its near relatives by the almost complete lack 


of any kind of scales or tomentum on the face or front. 


Genus Phtheria Meigen. 


13. Phtheria aldrichii Johnson. 


Forty specimens of this species were taken near Puerto 
Castilla, April 2,4 and 6. They were hovering over the white 
sand of the seashore and were collected by sweeping. This 
species, P. coquilletti Johns., cyanoceps Johns., and amblicella 
Coq. differ from most of the other species in the genus in the 
shape and size of the discal cell, the last segment of Cu, being 
about half as long as the preceding segment. The exact length 
of the last segment seems variable in P. aldrichit. Ina cotype 
(Idaho) supplied by Dr. C. W. Johnson, the last segment is 
about half the length of the median crossvein; in the Honduras 
specimens it is about equal to the crossvein, while some Texas 
specimens are intermediate. 
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14. Phtheria badia Coq. 


In 1904, Coquillett described the male from Brownsville, 
Texas. In the author’s collection there are males from San 
Saba and Austin, Texas, and females from San Saba, Austin, 
and Victoria, Texas. A female taken at Puerto Castilla, 
Honduras, June 6, is identical with the Texas specimens. As 
there is no record of the female being taken before, the descrip- 
tion follows: 

Female.—Like male but with only one blackish-brown spot on upper 
part of cheek; faint golden-brown stripe in center of front; occiput in 
center yellow brown; thorax light-brown with two yellow vitta extending 
nearly to the scutellum; on pleura light-brown; a lighter brown patch 
in front of scutellum interrupting the yellow vitte, and a similar patch 
in center of scutellum. 


) 


Gynetype.-—Female, San Saba, Texas, Aug. 25. 

Paratypes——One each from San Saba, Texas, Aug. 25; 
Austin, Texas, Sept. 28; Victoria, Texas, June 25; and Puerto 
Castilla, Honduras, June 6. 

I have compared the males in my collection with the type 
and they are identical. The spots on the face vary from brown 
to black. The center of the scutellum and of the abdominal 
segments are light brown in both the male and female, thus 
darker than the surrounding parts. The specimens from San 
Saba, Texas, Aug. 25, were taken on sunflowers. 


Genus Lepidophora Westwood. 


15. Lepidophora acroleuca n. sp. 


Male.—Ground color of body opaque, dark grayish black, sides of 
thorax lighter; clothed with black and white scales and hairs; antennz 
black, the long scales on the third antennal joint exceeding only slightly 
the tip of that joint; scales of abdomen black, with a small patch of 
white scales on the sides of segments 1, 2, 3 and 4; the remaining seg- 
ments, especially the last, clothed with long, bushy scales, making the 
abdomen appear clavate; legs black; wings black; opaque, lighter 
toward the hind border and with tips milky-white. Length, 17 mm. 
(measuring curve formed by body and including the antennz); wing, 
each, 11 mm. 

Head, proboscis, and antennz black; proboscis about equal to first 
two joints of antennz, black, hairy on the sides; sides of oral cavity 
and beneath the head clothed with sparse black hair; face and front 
with long black scales, a small patch of white scales on the orbits about 
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midway down the face; antenne heavily clothed with black scales, 
scales on the third joint only in a row along the outer side, extending 
from base to apex, but more numerous and longer at the base, these 
scales scarcely exceeding the length of the third joint; scales of the 
occiput long, mostly white and interspersed with stout black spines and 
hairs. 

Prothorax large, clothed with black and white curly hairs and scales 
and with a row of black spines along the front and sides; mesothorax 
grayish black, lighter on the sides; dorsum clothed with short, black 
hair, black and white tomentum, the former especially in the center, 
black spines along the sides; sides of the thorax, venter, and coxze with 
long black and white hairs; scutellum thickly clothed with black scales 
and long hairs and spines, a few white scales on the sides at the base. 

Abdomen entirely clothed with black scales except for small white 
patches on the sides of the segments 1, 2, 3 and 4, a few long white hairs 
along the base of the first segment, and some long black ones along the 
sides of the abdomen; last four segments of the abdomen thickly clothed 
on the sides with long black scales. 

Legs black, clothed with black scales. Wings black, lighter along 
the posterior border; veins black except at the tip; the tips of cells 
R, and Rs; beyond the base of Ry, and all of Ry opaque, milky white; 
the veins in this area and bounding it light yellow; costa dentate, cells 
on the anterior third of the wings clothed above and below with scattered 
black scales; squamal fringe of long gray and black hairs; halteres white 
with somewhat darker stalk, clothed with white scales. 


Flolotype.—Male, from Puerto Castilla, Honduras, collected 
by the author April 20, 1926. The specimen was resting on an 
iron telephone post in the sun, near Empalme Junction. This 
species differs from the others in the genus by the milk-white 
tip of the wing, the distribution of the length of the scales on 
the third antennal joint, and the distribution of the white 
scales on the abdomen. 


Genus Geron Meigen. 
16. Geron sp. 


Six males and one female belonging to a new species which 
will be described in a paper on this group which the author 
has in preparation. 
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EXPLANATION OF PLATE. 


Fig. 1. Exoprosopa hullin. sp. Lateral view of head of allotype female. 
Fig. 2. Exoprosopa castilla n. sp. Lateral view of head of type male. 
Fig. 3. E. hulli. Dorsal view of antenna of allotype female. 

Fig. 4. E. castilla. Dorsal view of antenna of type male. 

Fig. 5. Villa paradoxa (Jaen.). Wing. 

Fig. 6. £. castilla. Wing. 

Fig. 7. E.hulli. Wing. 
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WAX SECRETION IN THE RHIZOBIINI.* 


STANLEY E. FLANDERS, 
Citrus Experiment Station, Riverside, California. 


When Lindorus lophanthe (Blaisdell) and Rhizobius ventralis 
(Er.) are reared in the laboratory they produce wax at every 
stage of their life cycle subsequent to the first larval instar. 

The amount of wax secreted during the feeding period is 
only sufficient to give the larva a powdery appearance. After 
the larva has finished feeding and is in the prepupal stage the 
amount of wax is greatly increased. Rhizobius is then com- 
pletely covered with a mass of cottony wax. The fine long 
filaments of wax give it the appearance of having been attacked 
by mold. The dorsum of Lindorus is covered with tufts of 
wax but is not completely hidden. The outer row of six 
longitudinal rows of wax glands produces wax most abundantly. 

The pupz of Rhizobius is surrounded by the white filaments 
of the last larval instar and its olive colored integument is 
smooth. It secretes only a few wax filaments. The pupa of 
Lindorus is light yellow and is covered with glandular hairs 
which consist of short hairs about .09 mm. in length mixed with 
similar ones twice as long. Several hours after pupation a 
drop of clear liquid appears at the tip of each hair. These 
drops remain on the hairs long after the pupal skin is dis- 
carded. They do not evaporate even when the atmospheric 
humidity is below 30 per cent and the liquid does not mix with 
water. It is soluble in alcohol, however, and when this evap- 
orates a waxy residue remains. 

On the second or third day after the adult Lindorus has 
emerged the entire dorsum takes on a dusty appearance due to 
the secretion of particles of white wax. The same phenomenon 
occurs on the adult Rhizobius three to six days after emergence. 
This secretion of wax is limited to the young adults. The 
ease with which the wax is rubbed off tends to preclude its 
remaining on specimens living under field conditions. 





*Paper No. 216, University of California, Graduate School of Tropical Agri- 
culture and Citrus Experiment Station, Riverside, California. 
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Rhisobius ventralis Lindorus lopanthas 
Fig. 1, larva; 2, pupa; 3, adult. Fig. 4, larva; 5, pupa; 6, adult. 
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A NEW KEY TO PARACALOCORIS WITH DESCRIPTIONS 
OF EIGHT NEW SPECIES (HEMIPTERA, MIRIDZ).* 


HARRY H. KNIGHT, 


Ames, Iowa. 


In a previous paper (Ann. Ent. Soc. Am., xix, 1926, pp. 
367-377) the writer gave a key for eighteen known Nearctic 
species of Paracalocoris Distant, also keys to the color varieties 
of P. externus H. S., scrupeus Say, and hawleyi Kngt. These 
keys to the color varieties are not repeated in the present 
article. Since the appearance of the above mentioned paper I 
have been able to recognize eight more new species and four 
‘new varieties, all of which are described in the present paper. 
Two varieties described by Mr. McAtee are now raised to the 
rank of species, namely, Paracalocoris pallidulus McA. and P. 
castus McA. To the latter species belong the varieties colonus 
McA. and amiculus McA. I have also included a redescription 
and notes on the type of Paracalocoris adustus McAtee. 

Paracalocoris jurgiosus (Stal) is not recognized from the 
United States, and so far as the present material indicates, the 
species is actually known only from Mexico (Stal, 1862) and 
Guatemala (Distant, 1883). A new key is now presented for 
the separation of 28 species, all recognized from within the 
borders of the United States except jurgiosus Stal. 


Paracalocoris celtidis n. sp. 


Allied to colon Say and gleditsie Kngt., but easily distin- 
guished by the longer rostrum and different color aspect. 


o'. Length 5.7 mm., width 2.6 mm. Head: width 1.14 mm., 
vertex .56 mm.; brown with pale above, area bordering dorsal margin 
of eye, spot above base of antenna, and mark on median line of frons, 
pale; tylus and juga black, spot at dorsal angle and line along ventral 
margin of juga, extreme tip of tylus and spot on each side opposite 
tip of lora, white; lora brownish black, lower margin and extending in 
a broad stripe across gena to collar, white; also a white spot behind 
eye, thus leaving a black stripe extending back from lower margin of 
eye; bucculz chiefly white, gula black. Rostrum, length 2.7 mm., 

*Contribution from the Department of Zoology and Entomology, Iowa State 
College, Ames. 





£10 








1930] Knight: Paracalocoris 811 


extending behind coxz to fifth ventral segment, pale to yellowish, last 
two segments black. Antennz: segment I, length 1 mm., dark brown 
to black, irrorate with several white glabrous spots, set with several 
erect black setz which in length only slightly exceed thickness of 
segment, also clothed with shorter and more recumbent black hairs; 
II, 2.25 mm., black, with pale annulus at middle; III, .91 mm., fuscous 
to black, pale at base; IV, .95 mm., black, narrowly pale at base. Pro- 
notum: length 1.3 mm., width at base 2 mm.; disk dark brown to 
black, spotted with pale, calli and surrounding discal spots pale to 
yellowish brown, between calli and extending back along median line 
to base of disk, white, the pale color on basal half apparently produced 
by the joining of several white spots; narrow basal margin of disk 
white, collar brown, irrorate with white spots; propleura brown, blackish 
anterior to coxal cleft, marked with three white lines which are parallel 
to margin of pronotal disk, the third or ventral white line passing through 
middle of propleura. Scutellum brown with pale, the pale color due to 
several spots which are more or less confluent; median line pale except 
apex but it is joined by so many spots that the line effect is largely 
obscured; mesoscutum black, pale each side of middle but not on the 
declivent sides. 

Hemelytra black, in part brownish black, irrorate with pale spots, 
these more prominent along radial vein and near apex of embolium. 
Cuneus largely white, due to the numerous and confluent white spots; 
apex and inner basal angles (paracuneus), black. Membrane dark 
fuscous or blackish, disk of larger areole, apical half of membrane 
except large spot bordering apex of larger areole, and spot at middle of 
outer margin, pale; veins white at apex of larger areole. Meso- and 
metathorax black, episterna with a white line, this skips the epimeron 
but appears bordering dorsal margin of ostiolar peritreme, the latter 
fuscous with mesal angle paler. 

Legs pale and marked with brownish black, distal half of femora 
with blackish ground color which is cut into reticulations by the numer- 
ous white spots; hind femora with one much larger white spot on middle 
of dorsal aspect; tibiz with apex, band at middle, and a broader band 
at base, brownish black, the latter somewhat broken by white spots; 
tarsi pale, apices black. Venter brownish black and varied with white 
and yellowish marks; sides more black, with three rows of obliquely 
placed, yellow dash marks. Genital claspers characteristic of the 
genus, hence not readily used for specific distinctions. 

Dorsum clothed with recumbent, pale to golden yellow, sericeous 
pubescence, and intermixed with less prominent, simple fuscous hairs; 
femora with several prominent, bristle-like white hairs much as in 
gleditsia; tibiz with several pale, setose hairs which may exceed length 
of the true spines, but the latter much thicker, brown in color and should 
not be easily confused. 

2. Length 6 mm., width 2.6 mm. Head: width 1.14 mm., vertex 
.6 mm. Antenne: segment I, length 1.04 mm.; II, 2.03 mm.; III, 
95 mm.; IV, 1.29 mm. Pronotum: length 1.34 mm., width at base 
2.12 mm. Slightly more robust than the male, but very similar in 
pubescence and coloration. 
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Holotype: # June 29, 1929, Ames, Iowa (H. H. Knight); 
Iowa State College collection. Allotype: taken with the type. 
Paratypes: 145 @ 9, taken with the types on hackberry trees 
(Celtis occidentalis L) on the Curtis farm south of the College 
grounds. 15 @@ June 25, 143 @@ July 8, 1929, Ames, 
Iowa (H. H. Knight), taken on hackberry where the species 
was breeding. 

To the writer, the discovery of this species was very remark- 
able and wholly unexpected. For a good many years, in fact 
since 1914 when I first began to collect Miridze by systematic- 
ally working each and every species of plant that I found, I 
have sought to find some species of Miridz breeding on hack- 
berry. In New York and Minnesota I was unsuccessful, and 
not until 1929 did I find the present species in Iowa, although 
on different occasions I had swept this tree for insects. How- 
ever, collecting insects in lowa was remarkably poor during 
1926 and 1927, and not until the season of 1929 did the insects 
come back to normal abundance. In some future paper I 
hope to record more fully my observations on the scarcity of 
insects during the years mentioned, and point out some possible 
causes of the condition. 

In the large series of celtidis listed above all specimens are 
very uniform in coloration, there being no indication of color 
varieties such as we find in externus H. S. and scrupeus Say. 


Paracalocoris trivittis n. n. 


A new name to replace Paracalocoris trivittatus Knight 
(Ann. Ent. Soc. Am., xix, 1926, p. 371), which is preoccupied 
by Paracalocoris ? trivittatus Reuter (Ofversight af Finska 
Vetenskaps Societetens Forhandlingar, LV, 1913, Afd. A. No. 
18, p. 4), a doubtful species in this genus described from Peru. 

The writer has found and herewith acknowledges creating 
his first homonym, and we hope the last one. This error was 
due to operating without first making a complete catalogue of 
known species in the family Miridz, a condition we believe is 
largely corrected at the present time. 


Paracalocoris evonymi n. sp. 
Allied to ¢trivittis Kngt. and salicis Kngt., but differs as 
shown in the key. First antennal segment pale and with 
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reticulate brown marks and spots, pronotal disk with pale 
median line only, metaepisternum uniformly blackish, and 
venter without distinct pale marks on sides. 


3’. Length 6.1 mm., width 2.7 mm. Head: width 1.13 mm., 
vertex .54 mm.; dark brown, dorsal aspect much paler, tylus with three 
spots on base, one each side opposite tip of lora, and extreme apex, pale; 
spot at base of antenna above, dorsal margin of juga and mark near 
ventral margin, tip of lora, ventral half of bucculz, spot on gena, and 
gula largely, pale. Rostrum, length 2.25 mm., reaching to middle of 
hind coxe, pale, apex black. Antennz: segment I, length 1.25 mm., 
pale, with reticulate marks and spots brown, rather thickly clothed with 
half erect black hairs, with five or six longer setz; II, 2.25 mm., extreme 
base black, bordered by a pale annulus, then yellowish brown to middle, 
where a slightly paler annulus separates the black on apical half; III, 
.97 mm., pale, distal half black; IV, 1.12 mm., blackish, paler at base. 

Pronotum: length 1.38 mm., width at base 2.12 mm.; dark brown, 
disk with a few pale spots, median line pale although it may be obsolete 
near basal margin, basal edge pale; discal spots opaque black, inner 
and outer margins bordered by pale, but not produced backward into 
rays as in ¢rivittis; spots on collar above and lateral margin of disk 
delimited by a pale line; propleura brown, a small white line passing 
across lower half of coxal cleft. Sternum and pleura blackish, basalar 
plate pale, usually a pale mark on side of sternum, but without a trace 
on metaepisternum; ostiolar peritreme fuscous, paler on mesal angle. 
Scutellum dark brown, median line slenderly pale, small spot near each 
basal angle and a few even smaller dots near middle and apex, pale; in 
paler specimens the brown largely blended with pale so the median line 
becomes obsolete. 

Hemelytra dark brown to blackish, inner half of clavus bordering 
scutellum more distinctly black, corium with a few obsolete pale spots, 
radial vein pale on basal half. Cuneus dark brown, outer edge and 
across middle largely pale, the. pale on discal area appearing more as 
spots. Membrane dark fuscous to blackish, a rather large spot on 
margin behind apex of cuneus and a smaller one on middle of larger 
areole, pale; vein about.apex of larger areole pale. Legs pale, base of 
coxze more or less fuscous, apical half of femora spotted or reticulate 
with brown marks, the brown on apical third of hind femora dark enough 
to display a few pale irrorations; tibize with two brown bands, the 
apices scarcely darkened, hind pair with distinct brown spines and a few 
short hairs that do not attain the length of the spines; tarsi pale, apices 
blackish. Venter dark brown, more blackish at sides, ventral surface 
pale on basal half; sides rather uniformly brownish black except on 
second, or first visible segment, where two more or less obsolete pale 
marks occur. 

Dorsum clothed with yellowish to golden, recumbent sericeous 
pubescence, and intermixed with a few obscure simple hairs. 


Q@. Length 5.8 mm., width 2.8 mm. Head: width 1.16 mm., 
vertex .56 mm. Antennz: segment I, length 1.21 mm.; II, 2.2 mm.; 





814 Annals Entomological Society of America |Vol. XXIII, 


III, 1 mm.; IV, 1.12 mm. Pronotum: length 1.35 mm., width at base 
2.16-mm. Slightly more robust than the male, but very similar in 
pubescence and coloration. 


Holotype: # July 1, 1929, Ames, Iowa (H. H. Knight); 
Iowa State College collection. Allotype: taken with the type. 
Paratypes: 45 &@ 9, taken with the types on Waahoo or spindle 
tree (Evonymus atropurpureus Jacq.) where the species was 
breeding. 27 #2 July 12, 130 #9 July 13, 1927, 30 #9 
July 11, 1928, 45 #@ 2 July 11, 1929, Ames, Iowa (H. H. Knight), 
all taken on the same group of Waahoo bushes in the valley just 
north of the College cemetery. This interesting shrub is doubt- 
less the only host plant used by the bug. The writer also has a 
single male specimen taken August 13, 1916, near Otto, Cat- 
taragus County, (H. H. Knight), taken in sweeping and doubt- 
less far from its host plant as no additional specimens could be 
found. I have always considered this specimen as distinct but 
hesitated to describe it from an isolated specimen. Another 
odd specimen should be recorded, 9, June 21, 1918, Mercer 
County, Ohio (R. F. Hussey). 

In the large series at hand this species shows no tendency to 
color varieties such as we have in scrupeus Say, externus H. S. 
and severini Kngt. 


Paracalocoris albifacies n. sp. 


Runs in my key to the section having first antennal seg- 
ment equal to or greater than width of head, but easily dis- 
tinguished from other species by the chiefly white color and 
black pubescence. 


9. Length 6.5 mm., width 2.86 mm. Head: width 1.23 mm., 
vertex .63 mm., uniformly yellow, frons paler, pubescence pale except 
on vertex where it is black; eyes yellow behind but with black spot on 
dorsal half, facets black. Rostrum, length 2.25 mm., reaching to near 
middle of hind coxz by measurement, yellow, apex black. Antennz: 
segment I, length 1.25 mm., pale whitish, slightly infuscated at base, 
clothed with short black hairs, also with a few more erect black setose 
hairs, but length of these not equal to thickness of segment; II, 2.73 mm., 
pale to yellowish, gradually becoming brown on apical half, clothed 
with short black pubescence, also with a few short, erect, fine pale 
hairs; III, 1.17 mm., brown, pale at base; IV, .96 mm., reddish brown, 
narrowly pale at base. Pronotum: length 1.49 mm., width at base 
2.34 mm.; yellowish to white, more yellow on basal margins of calli, a 
fuscous mark near anterior angles of disk, beginning in the collar con- 
striction and extending back to outer front margin of callus; discal 
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spots opaque black, rather small for size of specimen; basal submargin 
of disk with obsolete brownish reticulations apparent; propleura uni- 
formly white. Scutellum uniformly white, finely pale pubescent: 
mesonotum yellowish, black along the dorsal edge of the declivent 
lateral area. 

Hemelytra white, opaque, apex of cuneus black, apical area of 
corium with dark brown cloud, largely broken by white irrorations, 
middle of clavus with paler brown and likewise broken by pale spots. 
Membrane dark brown to blackish, anal area, bordering apex of cuneus, 
and apical area of membrane more blackish, veins white. 

Dorsum clothed with short, appressed, in part sericeous, black 
pubescence, intermixed with some pale to yellowish pubescence on 
the white areas of hemelytra; scutellum with pale pubescence only; 
venter and basal half of femora with white pubescence. 

Ventral surface white to yellowish, a fuscous dot on episternum 
of mesothorax, the small sclerite at base of wing joint also black. Legs 
white, tarsi black; apical half of femora and tibize with short stiff black 
hairs, femora with several spine-like hairs that are nearly as heavy as 
spines on tibiz; hind femora with a small irregular brown mark on 
antero-ventral margin near apex. 


Holotype: Q@ October 11, 1928, Santa Cruz Co., Arizona 
(A. A. Nichol): author’s collection. 

This species is so entirely different in aspect from other 
known species that it may be safely described from the unique 
female. Mr. Nichol sends no remarks about this capture. 


Paracalocoris johnstoni n. sp. 


Allied to limbus McA. but differs in the longer first antennal 
segment and in the uniformly silvery white pubescence; general 
coloration black with red, the pattern very suggestive of 
severini var. nigriclavus Kngt. 


o'. Length 7.1 mm., width 2.9 mm. Head: width 1.18 mm., 
vertex .54 mm.; red, tylus blackish, frons slightly infuscated. Rostrum, 
length 2.47 mm., reaching to near middle of hind coxe, blackish. 
Antenne: segment I, length 1.64 mm., black, thickly clothed with 
black hairs, beset with a few more erect black setz; II, 2.82 mm., black, 
thickly clothed with short black pubescence; III, 1.16 mm., black, 
narrowly pale at base; IV, 1.08 mm., pale to slightly dusky. Pronotum: 
length 1.52 mm., width at base 2.3 mm.; red, posterior half of disk 
black except median line and slender basal margin; discal spots rather 
large, velvety black. Scutellum red, sometimes becoming blackish; 
mesoscutum red, becoming blackish on middle. 

Hemelytra black, cuneus and embolium uniformly red, the corium 
exterior to radial vein usually red. Membrane and veins uniformly 
black. Ventral surface red, genital claspers and ventral surface of 
genital segment blackish. Legs uniformly black, however with reddish 











816 Annals Entomological Society of America |Vol. XXIII, 


tinge apparent through the black, coxe reddish to blackish. Hind 
tibize with spines prominent, pubescent hairs short, recumbent, not at all 
obscuring the spines. Dorsum rather thickly clothed with recumbent, in 
part sericeous, silvery white pubescence; ventral surface with white 
pubescence, that on femora pale to dusky. 

Q. Length 6.9 mm., width 2.86 mm. Head: width 1.15 mm., 
vertex .52 mm. Antennz: segment I, length 1.68 mm.; II, 2.77 mm.; 
III, 1.13 mm.; IV, 1.08 mm: Pronotum: length 1.47 mm., width at 
base 2.21 mm. Slightly more robust than the male, but very similar 
in pubescence and coloration. 


Holotype: #% April 16, 1929, College Station, Texas (H. G. 
Johnston); author’s collection. Allotype: taken with the type; 
returned to Mr. Johnston. Paratypes: 5 #2 April 5,9 @ 9 
April 17,5 @ @ April 24, 1928, 7 # @ April 8,5 @ @ April 16, 
1929, College Station, Texas (H. G. Johnston). Mr. Johnston 
reports that he has found this species breeding only on Smilax 
sp., and never very abundant. The writer takes pleasure in 
naming this species after Mr. Johnston, a new student of the 
Miride. 


Paracalocoris maculosus n. sp. 


Distinguished from allied species by the long second antennal 
segment which in length exceeds the basal width of pronotum; 
ground color dark brown, dorsum with many small pale marks, 
apical half of corium with small white spots only. 


o’. Length 5 mm., width 2.4mm. Head: width 1.09 mm., vertex 
.49 mm.; dark brown, gula, broad stripe on gena, bucculz except dorsal 
margin, ventral margin of juga, and spot each side on apical half of 
tylus, white; vertex, frons and marks on basal half of tylus, yellowish, 
frons with six or seven fine, oblique brown lines, a small wedge-shaped 
brown mark each side of vertex with its base against margin of eye. 
Rostrum, length 1.95 mm., nearly attaining posterior margins of hind 
coxe, yellowish to dark brown, apex black. Antenne: segment I, 
length .87 mm., dark reddish brown, with several small pale spots; 
II, 2.2 mm., black, basal half brownish to black, a narrow pale annulus 
at middle, also a nearly obsolete narrow pale annulus at base; III, 
.87 mm., black, pale at base, also a narrow pale annulus evident at 
middle although usually obsolete; IV, .83 mm., black, narrowly pale 
at base. 

Pronotum: length 1.21 mm., width at base 1.96 mm.; ground color 
dark brown to blackish, collar, anterior margins of calli, arcuate 
parenthesis marks inclosing discal spots and central area of disk, spots 
along median line and four or five at each side, narrow basal margin, 
and three longitudinal lines on propleura, white. Scutellum dark brown, 
median line and two stripes each side, white. Hemelytra dark brown 
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to blackish, clavus with two longitudinal rows of spots, corium with 
short stripe on basal angle, also along basal half of radius, several 
rounded spots on apical half of corium and embolium, narrow edge of 
cuneus and embolium, and spots on disk of cuneus, white or slightly 
yellowish. Membrane dark fuscous to blackish, discal area of larger 
areole, spot at outer margin behind cuneus and extending toward 
middle of membrane, slightly paler; veins blackish, white about distal 
end of larger areole. Ventral surface brown and marked with white, 
venter with obliquely curving arcs of white, genital segment more 
brown and with pale spots on the sides. Legs pale to reddish brown, 
femora with numerous small white spots, hind pair with a rather large 
white patch on dorsal aspect at middle of apical half; hind tibiz with 
two broad pale bands, these separated by brown band at middle, 
apices brownish, front and middle tibiz more evidently triannulate 
with pale and brownish; tarsi brownish, apices blackish. 

Dorsum strongly shining, clothed with fine, short, golden yellow to 
dusky pubescence, venter with pale pubescence. 

9. Length 5.2 mm., width 2.6 mm. Head: width 1.12 mm., 
vertex .52 mm. Antennz: segment I, length .93 mm.; II, 2.2 mm.; 
IIJ, .86 mm.; IV, .82 mm. Pronotum: length 1.32 mm., width at base 
2.05 mm. More robust than the male, but very similar in pubescence 
and coloration. 


Holotype: # July 27, 1917, alt. 8500 ft., Mt. Lemon, Santa 
Catalina Mts., Arizona (H. H. Knight); author’s collection. 
Allotype: same data as the type. Paratypes: 20 #9, taken 
with the types. Paratypes: 66 #72 July 18, 1917, Gowdy 
Creek Canyon, near Bonita, Arizona (H. H. Knight), taken on 
a white flowering Ceanothis, and judging by the numbers taken 
the species must have been breeding on that plant. 5 #9 
June 15, 1924, &@ 9 Sept. 26, 1925, # June 26, 1926, alt. 5000 ft., 
Santa Rita Mts., Arizona (A. A. Nichol). 4, 9 Aug. 1, 1927, 
Huachuca Mts.; &@ Aug. 13, 1927, Coconino County, Arizona 
(R. H. Beamer). 

This is the species that in the past, the writer as well as 
Mr. McAtee took to be jurgiosus Stal. Reasons are given 
above for this change in opinion. 


Paracalocoris parenthesis n. sp. 


Allied to maculosus but differs in the larger size and different 
color aspect; hemelytra with purple lake ground color, having 
two pale stripes on clavus and four stripes on the corium. 

o. Length 5.6 mm., width 2.7 mm. Head: width 1.19 mm., 


vertex .51 mm.; ground color reddish to purple lake beneath, above more 
yellowish, with six or seven transverse or slightly oblique reddish 
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lines each side of frons; apex and marks each side of tylus pale to whitish, 
the pale color invaded by fine reddish reticulations; spot above and 
lower margin of juga, apex and lower margin of lora, and buccule 
except narrow margin above, white; gene with broad white stripe 
beneath lower margin of eye and extending along ventral margin of 
lora, also a small mark behind eye and the posterior surface of eyes 
white. 

Rostrum, length 2.38 mm., just attaining posterior margins of hind 
cox, dark reddish, apex more blackish, pale at joints. Antenne: 
segment I, length 1.08 mm., dark reddish brown, with several small, 
largely confluent, pale spots, clothed with short black pubescence; 
II, 2.55 mm., apical half black, basal half brown, a narrow pale band 
at middle (slightly distad of middle) and another placed close to the 
blackish base, clothed with fine, short brownish to black pubescence; 
III, .91 mm., blackish, with pale band at base and middle; IV, .86 mm., 
blackish, narrowly pale at base. 

Pronotum: length 1.46 mm., width at base 2.16 mm.; ground color 
purple lake to dark brownish red, narrow basal margin and continuing 
as a line along dorsal margin of propleura, two lines on propleura of 
which the lower crosses middle of coxal cleft, collar, anterior and basal 
margins of calli, and median line on basal half of disk, white; an arcuate 
or parenthesis mark beginning at anterior margin of each callus and 
curving back to near basal margin of disk, pale to yellowish; with three 
or four pale to yellowish spots each side of median line on middle of 
disk; calli yellowish, with numerous small reticulate reddish marks. 
Scutellum and mesoscutum purple lake, median line, lateral margins, and 
obsolete line between these, pale to yellowish. 

Hemelytra with ground color of purple lake, two longitudinal lines 
on clavus, four such lines on corium of which one follows the radius 
while all are more or less interrupted distally, and narrow embolar 
edge, pale to yellowish; narrow outer margin of cuneus, three or four 
spots on disk, and line separating the blackish paracuneus, pale to 
yellowish. Membrane fuscous to blackish, disk of areoles and small 
mark behind tip of cuneus, slightly paler; veins blackish, with white 
about apical end of larger areole. Ventral surface purple, becoming 
clear red on genital segment, pleura largely pale; venter marked with 
obliquely curving white lines. Legs purple lake to brownish red, 
femora with numerous small white spots, some confluent, a larger white 
patch on dorsal aspect of hind femora near middle of apical half; tibiz 
with two rather broad pale bands, sometimes rather obscure, spines 
black and distinct, pubescence and hairs rather short; tarsi blackish, 
slightly paler at, base. 

Dorsum distinctly shining, clothed with fine, recumbent, pale to 
golden yellow pubescence, more prominent on hemelytra, with blackish 
pubescence on cuneus; venter pale pubescent, legs with both pale and 
black hairs. 

9. Length 5.7 mm., width 2.94 mm. Head: width 1.19 mm., 
vertex .56 mm. Antennz: segment I, length 1.08 mm.; II, 2.42 mm.; 
III, .95 mm., basal half nearly white, the brown color very pale; IV, 
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91mm. Pronotum: length 1.49 mm. width at base 2.27 mm. More 
robust than the male but very similar in coloration and pubescence. 


Holotype: # June 20, 1928, alt. 6200 ft., Chiricahua Mts. 
Arizona (A. A. Nichol); author’s collection. Allotype: same 
data as the type. Paratypes: 2 # 3 92, taken with the type. 
3 July 3, 1926, alt. 7000 ft., Rincon Mts., Arizona (A. A. Nichol). 


Paracalocoris fasciolus n. sp. 


Allied to parenthesis but distinguished as shown in the key; 
hemelytra reddish brown and with pale stripes much as in 
parenthesis but differs otherwise in the longer first antennal 
segment and various color markings. 


9. Length 5.2 mm., width 2.8 mm. Head: width 1.09 mm., 
vertex .54 mm.; yellowish, more white beneath, marked with reddish 
brown lines and reticulations. Rostrum, length 2.16 mm., slightly 
surpassing posterior margins of hind coxe. Antennz: segment I, 
length 1.1 mm., dark reddish brown to blackish, marked with several 
irregular white spots, clothed with yellowish and black pubescence; 
II, 2.08 mm., black, with a single, very distinct white annulus situated 
at a point .21 mm. short of middle, more brownish than black just 
before the annulus; III, 1.04 mm., black, basal one-third white; IV, 
.86 mm., blackish, narrowly white at base, brownish on middle third. 
Pronotum: length 1.34 mm., width at base 2.08 mm.; yellowish brown 
to reddish brown, more blackish near basal angles; basal margin, median 
line, several large spots on basal half of disk, a large spot laterad of the 
black discal spots, collar, bordering anterior margins of calli, and two 
rather broad stripes on propleura, white. Scutellum white, tinged with 
yellowish, a rather broad reddish brown stripe each side of median 
line but scarcely attaining either base or apex. Mesoscutum only 
slightly exposed, reddish brown, sides whitish. 

Hemelytra dark reddish brown, two longitudinal stripes on clavus, 
four such stripes on corium and one stripe on embolium, white, each 
of the stripes interrupted at one or two points; cuneus white on middle, 
apex black, inner basal angle and four or five spots in the dark color 
on basal third, whitish. Membrane dark fuscous, large spot within 
larger areole, center of membrane and extending in a sinuous line to 
outer margin behind apex of cuneus, pale; veins white, base of brachium 
and anal vein blackish. Ventral surface reddish brown, sternum 
yellowish brown, pleura largely white, venter marked with curving 
white lines much as in jurgiosus. Legs chiefly white and marked with 
reddish brown; basal half of femora more brownish and broken by 
large white spots and marks, distal half white and marked with brown, 
a narrow blackish annulus at middle of apical half; tibiz annulate with 
reddish brown, more broadly annulate with white on middle and apex; 
tarsi blackish, brownish on basal half. 
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Dorsum distinctly shining, clothed with fine, recumbent, pale to 
golden yellow, partly sericeous pubescence; venter yellowish pubescent. 
legs pale to brownish hairs, a few stiff black bristles on femora; tibial 
spines blackish, only a few hairs as long as the spines. 


Holotype: 2 September 4, 1925, Santa Rita Mts., Arizona 
(A. A. Nichol); author’s collection. 


Paracalocoris virgulatus n. sp. 


Allied to parenthesis, and having much the same color 
aspect, but differs in the smaller size and relatively shorter 
antennal segments. 


o’. Length 4.3 mm., width 2.2 mm. Head: width 1.04 mm., 
vertex .43 mm.; yellowish to brownish but without distinct marks. 
Rostrum, length 1.73 mm., extending to middle of hind cox, brownish, 
apex blackish. Antennz: segment I, length .73 mm., brown, with 
pale on dorsal aspect, clothed with short brownish pubescence; II, 
1.66 mm., basal half brown, a narrow pale band set next to the blackish 
base, a distinct white annulus with its basal edge set at middle of seg- 
ment and separating the black on apical half from the brown, clothed 
with fine, short yellowish to dusky pubescence; III, .60 mm., pale, the 
apical two-fifths black; IV, broken. Pronotum: length 1.14 mm., 
width at base 1.75 mm.; discal spots small, color pale yellowish and with 
brown, the pale areas much as in parenthesis but the arcuate marks on 
disk and the median line more broadly pale; propleura with three distinct 
pale lines. Scutellum pale yellowish, with brown stripe each side of 
median line but confluent on apex, also a shorter brown stripe at each 
side on basal half and parallel with lateral margin; the brown stripes 
invaded by and flecked with the pale color. 

Hemelytra longitudinally striped with pale and brown; clavus 
pale, margins and median stripe along claval vein, dark brown; corium 
with four pale stripes, the second incomplete while the two outer stripes 
are confluent apically, the third stripe extending across inner basal 
angle of cuneus; embolium with brown stripe, its outer edge pale; 
cuneus dark reddish brown, narrow outer margin and more or less on 
disk pale, the paracuneus brownish black, a pale spot on inner angle. 
Membrane pale fuscous brown, areoles and veins brownish black, 
cubital vein about apex of larger areole white. Ventral surface more 
yellowish than brown, sides of venter distinctly marked with alternating 
arcuate lines of yellow and brown. Legs light brown, irrorate and 
irregularly marked with pale, femora more broadly pale across middle; 
front tibiz alternately biannulate with pale and brown, hind pair with 
a paler band at middle and with an obsolete paler band near apex; 
tarsi brownish, apex black. 

Dorsum distinctly shining, clothed with fine, recumbent, golden 
to yellowish pubescence, the golden pubescence more or less sericeous 
on clavus and corium. 
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Holotype: # April 26, 1916, Sabino Canyon, Santa Catalina 
Mts., near Tucson, Arizona (J. F. Tucker); author’s collection. 


Paracalocoris virgulatus stigmosus n. var. 


Differs from typical virgulatus as indicated in the key; 
pronotal disk dark brown, with a straight, longitudinal pale 
ray beginning at outer angle of each discal spot, a triangular 
pale spot situated between discal spots, its apex extending half 
way to basal margin of disk; propleura pale or white, a slender 
brown line near dorsal margin and parallel to lateral edge of 
disk, also with a submarginal brown line bordering ventral 
margin. Hemelytra with more brown than virgulatus, corium 
with three incomplete pale stripes and a pale spot at outer 
apical angle. 

9. Length 4.8 mm., width 2.68 mm. Head: width 1.1 mm., 
vertex .49 mm. Rostrum, length 1.8 mm., just attaining posterior 
margins of hind coxe. Antennz: segment I, length .84 mm., brown 
and spotted with pale; II, 1.79 mm., basal half brown, with pale band 
next to the dark base and a more distinct white annulus at middle, 
thus separating the brown from the black apical half; III, .77 mm., 
pale, apical two-fifths black; IV, shriveled, black, pale at base. Pro- 
notum: length 1.26 mm., width at base 1.95 mm. 


Type: 2 June 3, 1904, Brownsville, Texas (H. S. Barber); 
author’s collection. Paratype: 2 June 12, 1921, Eastland Co., 
Texas (Grace O. Wiley). 


This form was originally received in exchange as P. jurgiosus 
Stal. 


Paracalocoris limbus otiosus n. var. 


Differs from typical limbus McA. in having the embolium 
and outer margin of corium largely blackish; first antennal 
segment reddish brown and with yellowish spots. 


3. Length 6.6 mm., width 2.6 mm. Head: width 1.14 mm., 
vertex .50 mm. Rostrum, length 2.4 mm., reaching to middle of hind 
coxe, blackish. Antennz: segment I, length 1.47 mm., reddish brown 
and with numerous yellowish spots; II, 2.54 mm., black; III, 1.04 mm., 
blackish, pale to dusky on basal half; IV, 1.12 mm., black. Pronotum: 
length 1.38 mm., width at base 2.12 mm. 

Head pale to yellowish and with black, tylus black except for yellow 
spot each side near apex; frons fuscous each side of median line, juga 
largely, bucculee, and genz yellowish. Dorsum chiefly blackish; collar, 
calli, median line of pronotal disk, slender median line on scutellum, 
basal angle of corium, along radial vein to middle of corium, apex of 
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embolium, and cuneus except apex, pale to reddish yellow. Membrane 
uniformly brownish black, cubital vein pale about apex of larger areole. 
Ventral surface blackish, a white mark across side of episternum; sides 
of venter with a pale line near dorsal margin and a series of spots just 
beneath it. Femora blackish, rather thickly marked with pale and 
white spots, hind pair with large pale area on middle of dorsal aspect. 
Tibiz brownish black, hind pair with pale band just short of middle 
and a second band near apex; tarsi yellowish, apex black. 


Type: o& July 5, Brookline, Massachusetts (C. W. Johnson); 
author’s collection. Paratype: o, same data as type. 


Paracalocoris limbus suffusus n. var. 


Differs from typical limbus McA. at least in having the 
usual paler areas clouded over with dusky. 

9. Length 6.4 mm., width 2.8 mm. Head: width 1.13 mm., 
vertex .56 mm. Rostrum, length 2.47 mm., nearly attaining posterior 
margins of hind coxe. Antennz: segment I, length 1.47 mm., black, a 
few pale spots evident; II, 2.38 mm., black; III, .99 mm., black, pale 
at base; IV, 1.03 mm., black, pale at base. Pronotum: length 1.43 mm., 
width at base 2.16 mm. 

Color fuscous brown to blackish, the usual paler areas clouded with 
dusky, corium and cuneus with a few small paler points. Scutellum 
dusky, to pale fuscous, slender median line paler. Ventral surface 
dusky to fuscous; venter distinctly paler on ventral surface, also a 
pale lateral line evident near dorsal margin. Legs black, coxe pale 
except on base; femora with series of small white spots; tibiz with pale 
bands obsolete; tarsi dusky, tips blackish. 


Type: 2 July 3, 1926, Beltsville, Maryland (H. H. Knight); 
author’s collection. 


Paracalocoris pallidulus McAtee. 
1916. Paracalocoris hawleyi var. pallidulus McAtee, Ann. Ent. Soc. Am., ix, p. 380. 


For some time I have regarded this species as distinct from 
hawleyi Kngt., chiefly because this particular form was never 
taken on hops with hawleyi, and again because the type and a 
good series of specimens were reared from apple shoots at 
Batavia, N. Y. Recently, upon going over my material to 
work out a new key, a good character for separation was found 
in the first antennal segment which measures consistently 
longer, as compared with width of head, than in specimens of 
hawleyi. The color of pallidulus also differs from any known 
form of hawleyi. 








—— 
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In the original description of hawleyi the writer made com- 
parison with colon Say, but the specimens I took to be colon 
Say were later forwarded to Mr. McAtee and he described them 
as pallidulus. This is of interest merely to show that even when 
I described hawleyi I considered pallidulus a distinct species, 
but called it colon Say since it fit the description better than 
any species known to me at that time. 

A mid-western form of pallidulus McA. differs in certain 
respects, perhaps biologically, hence a varietal name is pro- 
posed. 


Paracalocoris pallidulus albigulus n. var. 


Differs from pallidulus McA. in the paler antennz and in 
the pale to whitish gula and gene. 


3. Length 6 mm., width 2.4mm. Head: width 1.08 mm., vertex 
49mm. Rostrum, length 2.42 mm., nearly attaining posterior margins 
of hind coxz, pale yellowish, apex brownish black. Antennz: segment 
I, length 1.34 mm., pale, with spots and reticulate marks of brown; 
II, 2.29 mm., pale yellowish to light brown, apical half more reddish 
brown; III, .95 mm., pale yellowish, apical half fuscous brown; IV, 
1.21 mm., blackish. Pronotum: length 1.23 mm., width at base 1.9 mm. 

General coloration brown, median line on pronotum and scutellum, 
a ray beginning at outer margin of each discal spot, a short ray near 
each basal angle of scutellum, along radial vein to near middle of corium, 
irregular spots near tip of embolium, discal area of cuneus but invaded 
with brown, and dorsal aspect of the head, pale; gula, genz, and buc- 
culz white, also a mark across middle of juga and a spot each side near 
tip of tylus, pale. Discal spots brown, outer and inner margins pale. 
Legs pale to brownish, hind femora with more brown but thickly 
irrorate with white; tibiz pale, obsoletely banded with brown. 

2. Length 6.5 mm., width 2.6 mm. Head: width 1.12 mm., 
vertex .52 mm. Antenne: segment I, length 1.51 mm.; II, 2.38 mm.; 
III, 1.08 mm.; IV, 1.34 mm. Pronotum: length 1.34 mm., width at 
base 2 mm. Very similar to the male in coloration and pubescence. 


TIolotype: # July 20, 1923, Norman County, Minnesota 
(A. A. Nichol); author’s collection. Allotype: same data as 
the type. Paratypes: #7 3 2 June 20, 1922, 9° July 14, 1923, 
Norman County, Minn. (A. A. Nichol). o&@ July 18, #@ July 19, 
1923, Trail County, North Dakota, (A. A. Nichol). 


Paracalocoris castus McAtee. 


1916. Paracalocoris colon var. castus McAtee, Ann. Ent. Soc. Am., ix, p. 382. 


For some years I have believed this form must represent a 
distinct species, an opinion gained by collecting and observing 
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several hundred specimens, all of which have been found on 
the same host plant, woodbine or Virginia creeper (Psedera 
quinquefolia L.). At various times it has been possible to 
collect numerous specimens, and for the purpose of studying 
possible variations, I once mounted 225 specimens, taken 
July 14, 1924, St. Paul, Minnesota. This species varies very 
little if any in color pattern, although the intensity of pigment 
varies with the age of specimens when taken. The antennal 
colors are I believe very constant, and the species can always 
be separated from colon Say as shown in the key. 

The varieties colonus McA., and amiculus McA., are color 
forms of this species. The name castus McA., should I believe, 
be selected to represent the species since it has page priority 
over the two other varietal names which refer to this species. 
Unfortunately the name castus was founded on teneral speci- 
mens, but that does not prevent the use of the name for the 
species. The varietal name colonus McA. applies to normally 
colored specimens of the species, but in this case will have little 
use since we do not wish to limit the typical name castus to 
teneral specimens. Varietal name amiculus McA. applies to 
the darker and strongly colored individuals of the species. In 
this species we do not find such remarkable color forms as occur 
in scrupeus Say and externus H. S., for example, hence the 
varietal names have less utility. The writer believes that 
varietal names are useful when applied to species having 
diverse color patterns, but not so useful when proposed for 
intensity of pigmentation alone. Each color pattern has a 
range of intensity of pigmentation, usually becoming deeper 
or darker with age; but the color areas, or pattern outline does 
not change with the individual, once the adult stage has been 
attained.* 


Paracalocoris adustus McAtee. 
1916. Paracalocoris adustus McAtee, Ann. Ent. Soc. Am., ix, p. 377. 
The unique female type is here redescribed, chiefly to record 
the head measurements, characters that are critical for keying 
the species. 


9. Length 8 mm. Head: width 1.14 mm., vertex .54 mm. 
Rostrum, length 2.6 mm., nearly attaining posterior margins of hind 
coxe, reddish to fuscous, apex blackish. Antenne: segment I, length 


*Knight, H. H. Ann. Ent. Soc. Am., XVII, 1924, pp. 258-272. 
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1.60 mm., clothed with recumbent black hairs and intermixed on 
anterior aspect with about fifteen erect black bristles which in length 
do not exceed thickness of segment, uniformly dark red without any 
trace of spots; II, 2.74 mm., more slender on basal half and tapering 
to thicker toward apex, thickly clothed with short blackish pubescence, 
a single erect black bristle near base, color uniformly dark red without 
trace of annuli; “third 1.16 mm.; fourth 1.1 mm.” Pronotum: length 
1.43 mm., width at base 2.12 mm. 

“Color an almost uniform reddish brown, a little lighter on cuneus 
and lower surface and inclining to fuscous on antenne, tibiz and inner 
margin of elytra; membrane dusky. Short pale yellow hairs abundant 
on upper surface, except membrane.” 


The writer has been unable to recognize additional specimens 
that could be referred to this species. The type was collected 
at Lakehurst, New Jersey, June 13, 1908 (Wm. T. Davis) and 
must still be classed among that small but select group of species 
known only from that locality. Hussey (1922) records Para- 
calocoris adustus McA. from Berrien County, Michigan, speci- 
mens that the writer so identified at that time, but one of these 
specimens (July 19) is still at hand and I find it belongs to 
salicis Kngt. The writer is indebted to Mr. Wm. T. Davis for 
the loan of the type adustus for the present study. Mr. Davis 
remarks: ‘‘It has traveled much and is now some broken.”’ 
The legs are gone and the wings except one clavus. The 
first two segments of one antenna are securely glued to the 
collection label, which is fortunate for the present study. 


KEY TO THE SPECIES OF PARACALOCORIS. 
1. Hind tibiae thickly clothed with long, erect hairs which obscure or 


become confused with the tibial spines.................... scrupeus Say 
Hind tibiae with hairs shorter and more appressed, especially on inner 
side, hairs not easily confused with the true spines...................... 2 
2. Discal spots of pronotum black or marked with brown or black.......... 3 
Discal spots of pronotum yellowish or orange colored; length of antennal 
segment I distinctly greater than length of pronotum...... externus H. S 
3. Antennal segment I as long as or longer than pronotum (by micrometer 
SID ok oi ste 4c Haledon ans Kus Ree each ats dane tute 4 
Anttnnal segment I shorter than length of pronotum.................... . 8 
4. Antennal segments I and II black or brown, but when brown or red, 
segment I with paler spots and segment II with paler bands.......... =a 


Antennal segments I and II uniformly dark red, without spots or bands; 
coloration everywhere except discal spots and membrane, a lighter or 


darker reddish brown.................-..0.cecceess ....adustus McA 
5. Antennal segment I equal to width of head plus dorsal width of an eye, or 
SS 6 5.i. 5.85015 inns 6.9. B oie mah Ov oa Noes 6 a eR ee a7 
Antennal segment I not equal to width of head plus dorsal width of an 
eye; length 6-6.5 mm -hawleyi Kngt. 
6. Antennal segment I only equal to width of head plus dorsal width of an 
Ce, OF SEINCEY IIE. io cos ho hci sn need nced Heche gntae ee eee 7 


Antennal segment I equal to width of head plus | width of vertex; 
pubescence uniformly silvery white...... rece .......Jjohnstoni n. sp. 
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Antennal segment II pale yellowish to brown, sometimes dark brown but 
never black; general coloration brownish and with pale irrorations, 
pallidulus McA. 
(a) Antennal segment I reddish brown and with pale spots; gula and 
genae dark brown variety pallidulus typical 
(b) Antennal segment I more pale than brown; gula and genae pale, 
variety albigulus n. var. 
Antennal segment II uniformly black limbus McA. 
(a) Antennal segment I uniformly black; cuneus, embolium, and corium 
exterior to radial vein, yellowish red variety limbus typical 
(b) Antennal segment I reddish brown and with pale spots; embolium 
and outer apical area of corium more or less blackish, 
variety otiosus n. var. 
(c) Antennal segment I black but with pale spots; cuneus and embolium 
dusky, but with yellowish apparent in hypodermis, 
variety suffusus n. var. 
Length of antennal segment I equal to or greater than width of head 
Length of antennal segment I not equal to width of head 
Ground color white, in part tinged with yellow, scutellum immaculate 
white, cuneus white with extreme apex black, tibiae without bands, 


albifacies n. s 
Otherwise colored 


Ground color a medium to dark shade of burnt sienna, marked with pale 
yellowish stripes, the longest stripe bordering radial vein and termi- 
nating at inner angle of cuneus, another one on corium paralleling the 


heidemanni Reut. 
Otherwise colored... 11 


Scutellum white or yellowish, dark color restricted to a pair of dark 
stripes, one each side of median line 12 
Scutellum dark, usually with pale median line; sometimes largely pale 
but without a pair of distinct dark stripes on a pale ground 13 
Dorsum pale to yellowish, the dark color broken by many rounded pale 
spots, thus forming numerous blackish reticulations; venter uniformly 
yellowish. ; .... .Marmoratus Uhl. 
Dorsum dark reddish brown, hemelytra with ‘longitudinal pale stripes, 
rounded spots scarcely evident except on pronotal disk; venter 
alternately marked with curving white and dark brown stripes, 
fasciolus n. sp. 
Antennal segment II uniformly yellowish brown, or blackish only on 
apical half ia hme 14 
Antennal segment II dark brownish black to black, sometimes with 
an obsolete pale band at middle; scutellum with distinct pale median 
line. severini Knegt. 
(a) Hemely tra ‘and pronotum ‘uniformly light ‘reddish, a few lighter 
maculae evident. . variety severini typical 
(b) Hemelytra and pronotum, light reddish brown, with numerous 
smali paler maculae evident variety modestus Kngt. 
) Clavus and inner half of corium dark fuscous to blackish, 
variety nigriclavus Kngt. 
Pronotum and scutellum not distinctly trivittate; first antennal segment 
pale and marked with brown, or brown and with es 15 
Pronotum and scutellum distinctly trivittate with pale; first antennal 
segment black, with few if any pale spots... . .trivittis Kngt. 
Antennal segment II with apical half black or brownish black; scutellum 
with narrow median pale line, sometimes obscured by brownish 
tinge. . ...@vonymi n. sp. 
Antennal segment II rather uniformly yellowish brown, in darkest speci- 
mens with blackish only on apex; scutellum with pale color irregularly 
distributed, the brown color largely broken by pale irrorations, 
salicis Kngt. 
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1 


19. 


20. 


22 


). 


(8) Ground color white to pale greenish yellow, scutellum uniformly 
white, sometimes invaded by black at middle of base; cuneus pale to 
Orange Colored............-seeeccee seen eee seneeeeeeeeerens deleticus Reut. 

Otherwise colored 7 

Ground color a light burnt sienna, radial vein bordered by a pale yellow 
stripe which te rpinate s at inner angle of cuneus....... ..breviatus Kngt 


CN I iis ons po cOUe Nin ne Ga Mad udncisiierns es sanernerenveres 18 

Venter marked with promine nt, ‘obliquely curving white arcs; dorsum 
distinctly shining, clothed with very fine short pubescence.............. 25 

Venter, if marked, having only a few pale dashes near dorsal margin; 
dorsum not distinctly shining, strongly pubescent..................... 19 


Dorsum chiefly light red to madder brown, leaving numerous small 
pale irrorations, embolium pale except apex; antennal segment II 
uniformly blackish, sometimes with pale annulus just before middle, 

nicholi Kngt. 


CORO COIN ois vin 8 sienna Cai nemestcaeewakceneueeee ues eenaeans 20 
Ground color dark brown, ‘the paler color taking the form of fine lines 
ee I Oo ious 6 oho wth die oe vin eben ce meelin ate neat ae cto ae a ee eae 22 
Ground color light, some etimes dark brown, but in that case the dorsum 
mottled with several large yellowish patches Lh eee ana ti A granite ae tae 21 


Antennal segment II not equal to width of pronotum at base; ground 
color yellowish to greenish, the darker color forming in large cloud-like 
UNREAL COIN soo on sok so ci cesetereicamacsteeeeel floridanus Kngt. 

Length of antennal segment II exceeding width of pronotum at base; 
ground color of the dorsum dark brown, mottled with several large 
yellow patches, one on apical half of scutellum, apex of clavus, middle 
of corium, apex of embolium and outer half of corium, and three areas 


CU NNR. bs -ikncis 5 oe cd a ccna s wereemine a ramee multisignatus Reut. 
Antennal segment II with a narrow w hite annulus near middle which 
separates the black on apical half from the brownish basal half..... - 


Antennal segment II yellowish brown on basal half but without narrow 
Wirite ateile At MGI OF DASE. 6. ones ccecccercicnccnees castus McA. 
Rostrum extending beyond hind coxae...................2.5. celtidis n. sp. 
Rostrum not extending beyond hind coxae................. cece eee eeeeeee 24 
Antennal segment II dark, with pale annulus only at middle; femora dark 
at base, apical half with one large and several smaller white spots, 
gleditsiae Kngt. 
Antennal segment II with pale annulus next to the black base and like- 
wise at middle; femora broadly pale on base and middle........colon Say 
(18) Pronotal disk with two pale rays each side of the pale median line; 
corium with two pale rays, confluent apically where the corium is 
transversely pale; cuneus pale with black spot only at inner basal angle 


en ee Ct -OOUE., . 6 oscminsnaxs seeceanatnsde eeeae jurgiosus Stal 
SN OE CNMI 6 6.5 oo din ceen en eWed dc cru eue ere eheeeeritc naan 26 
Clavus and corium with epee pale stripes, with but few small 

NG. aii ie 5 GR Re elale #5 En Caine eevee wae wed eu ae Sed eR 27 


Clavus and corium with series of small pale spots, corium with short pale 
stripe at basal angle, also along base of radius, but apical half of corium 
WEEE DON ORION ONE 6 ois os eee dnc ORC ReeEe ie og eens rae maculosus n. sp. 

Antennal segment IJ, in length, greater than basal width of pronotum; 
pronotal disk with a pair of pale parenthesis marks enclosing the discal 
spots and basal half of disk; length 5.6-6 mm........ . parenthesis n. sp. 

Antennal segment II, in length, not equal to basal width of pronotum, 

virgulatus n. sp. 
(a) Pronotal disk with arcuate pale mark at each side, enclosing discal 
spots and central area of disk as with parenthesis marks, 
variety virgulatus typical 
(b) Pronotal disk without arcuate marks, the pale marks taking the 
SORTER OF SUIRIGRE PBYE. 6.66 6cic cess cause variety stigmosus n. var. 





BOOK NOTICES. 


THE PLANT QUARANTINE AND CONTRQL ADMINISTRA- 
TION. By Gustavus A. WeBER. Pages I-X and 1-198. 
Service Monograph of the United States Government, No. 59. 
Published by The Brookings Institution, Washington, 1930. 


This is a volume for students of quarantine administration and is a 
companion volume to No. 60, The Bureau of Entomology. Part I, 
History, pp. 1-92, gives a brief history of plant quarantine in the United 
States and adjacent territories. Part II, Activities, pp. 93-121, covers 
the projects which are being handled at present, while Part III, Organ- 
ization, lists and discusses the work by Divisions. The volume closes 
with six Appendices including laws, a list of official positions with 
salaries, bibliography, financial statement, etc. This appears to be a 
meatier volume than No. 60 and brings together widely scattered data 
that will be of interest to economically minded applied entomologists. 
It is in a way unfortunate that these volumes have had to be written 
from such an impersonal point of view, with no mention of leaders in 
the work. Some of the ablest men in entomology have been associated 
with this service and have given of their best in these front-line battles. 

C. H. K, 


BLATCHLEYANA, A List oF THE PUBLISHED Writincs oF W. S. 
BLaTtcHLEY * * * ‘TOGETHER WITH A CHRONOLOGY OF HIS 
Lire: THE FIxaTION OF Types OF NEW GENERA AND SPECIES 
DESCRIBED BY HIM, ETC. Pages 1-77 with two portraits. Pub- 
lished by The Nature Publishing Co., Indianapolis, 1930. 

The contents of this little volume are indicated by the title. It 
is the type of publication of which students would appreciate more. 
The few lists of this kind usually complied by somebody other than the 
author have been found very useful. After working for days in a 
library compiling the titles of an author, one wishes that he had been as 
thoughtful for posterity as has Doctor Blatchley. The reviewer has 
attempted to solve this problem by sending with reprints to specialists a 
mimeographed list of his writings which gives the specialist a check on 
his card index. He has also had the experience of having worked 
up more complete lists than the author himself had in his records. 
Blatchleyana lists 197 books and articles, 376 new species and varieties 
of Coleoptera, 66 new species of Heteroptera and 29 new species of 
Orthoptera. It is beautifully printed with interesting quotations 
scattered through it from Blatchley’s own writings which frequently 
convey a feeling of the isolation of a research mind in this social world. 
The book is obviously written by Blatchley himself though no author- 
ship is given.—c. H. kK. 
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